US009432982B2

a2 United States Patent

Lee et al.

US 9,432,982 B2
Aug. 30, 2016

(10) Patent No.:
45) Date of Patent:

(54)

(735)

(73)

")

@
(22)
(86)

87

(65)

(60)

(1)

(52)

(58)

METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION
IN WIRELESS COMMUNICATION SYSTEM

Inventors: Hyunwoo Lee, Anyang-si (KR);
Seunghee Han, Anyang-si (KR);
Jinmin Kim, Anyang-si (KR)

Assignee: LG ELECTRONICS INC., Seoul
(KR)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 339 days.

Appl. No.: 14/005,705

PCT Filed: Apr. 27, 2012

PCT No.: PCT/KR2012/003300

§ 371 (e)(D),
(2), (4) Date:  Sep. 17, 2013

PCT Pub. No.: W02012/148222
PCT Pub. Date: Nov. 1, 2012
Prior Publication Data

US 2014/0003381 Al Jan. 2, 2014
Related U.S. Application Data

Provisional application No. 61/479,820, filed on Apr.
27, 2011.

Int. CL.

HO4W 72/04 (2009.01)

HO4L 1/00 (2006.01)
(Continued)

U.S. CL

CPC .......... HO4W 72/042 (2013.01); HO4L 1/0026
(2013.01); HO4L 1/0027 (2013.01);
(Continued)

Field of Classification Search
CPC ............ HO4W 72/042; HO4L 1/0026; HO4L
1/0027; HO4L 1/1671; HO4L 1/1812; HO4L
1/1822; HO4L 1/1854; HO4L 5/001; HO4L
5/0055; HO4L 1/06
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS
4/2010 Bala et al.

82010 Shen ............... HO4L /1614
455/422.1

2010/0098012 Al
2010/0210256 Al*

(Continued)

FOREIGN PATENT DOCUMENTS

CN 101640902 A 2/2010
CN 101682603 A 3/2010
(Continued)

OTHER PUBLICATIONS

Yu et al., “UMB TDD Frame Structure Proposal”, 3GPP2-C30-
20080218-024, Feb. 18, 2008, XP-062168119, pp. 1-14.

(Continued)

Primary Examiner — Ajay Cattungal
(74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
Birch, LLP

(57) ABSTRACT

A method and apparatus for transmitting control information
in a wireless communication system which can support
carrier aggregation (CA) are provided. In the method for
transmitting control information from a terminal to at least
one base station, the terminal receives at least one of a
Physical Downlink Control Channel (PDCCH) and a Physi-
cal Downlink Shared Channel (PDSCH) from the at least
one base station through at least one serving cell configured
in the terminal and transmits control information associated
with reception of the PDCCH or reception of a PDSCH
indicated by the PDCCH to the at least one base station,
wherein each of the at least one base station uses a different
uplink and downlink configuration (UL-DL configuration)
and a uplink-downlink (UL-DL) configuration used in the at
least one serving cell can be changed based on a timing
determined according to a preset condition.

17 Claims, 42 Drawing Sheets

PDSCH or FDCCH o) for DCI format 1 AVIB/IDAZZATBAC = PUCCH ()

Viheansunlatse unber of FOCCHIS)

(R UL-DL
] configaration 0

ULDL
confguration |
WL
configuration 2

ULDL
conigaaton 3

LEE M geqris
1312987854116

%v% PR YA
ID|D[D| o|D|DD|D(D|D|D

] Z
7 128T1—
D@mnnnun@mnnnbﬂ;ﬂmm

LD
D|D|D|DDIDID| confgumstion s

ULIL
configuration s




US 9,432,982 B2
Page 2

(51) Int. CL
HO4L 1/16
HO4L 1/18
HO4L 5/00
HO4L 1/06
U.S. CL
CPC ...

(52)

(2006.01)
(2006.01)
(2006.01)
(2006.01)

HO04L1/1671 (2013.01); HO4L 1/1812

(2013.01); HO4L 1/1822 (2013.01); HO4L
1/1854 (2013.01); HO4L 5/001 (2013.01);
HO4L 5/0055 (2013.01); HO4L 1/06 (2013.01)

(56)

References Cited

U.S. PATENT DOCUMENTS

2010/0278109 Al
2010/0322173 Al
2011/0249578 Al
2012/0207109 Al*

11/2010
12/2010
10/2011

8/2012

2012/0320805 Al* 12/2012

2013/0223301 Al* 8/2013

Papasakellariou et al.

Marinier et al.

Nayeb Nazar et al.

Pajukoski ............. HO4L 1/0029
370/329

Yang ....coccecvvieninnne HO4L 1/18
370/280

Lee .o HO4L 5/0055
370/281

2013/0272261 Al* 10/2013 Seo ......cccoeevvinine HO04J 11/0056
370/329
2013/0322343 Al* 12/2013 Se0 .ccovvvieinnn HO04W 24/02
370/328
2013/0322397 Al* 122013 Lee .....cceeenne. HO04W 56/0045
370/329
2013/0336177 Al* 122013 Gao ............ HO04W 72/0446
370/280
2015/0270998 Al 9/2015 Kwak et al

FOREIGN PATENT DOCUMENTS

CN 101729128 A 6/2010
WO WO 2010/049587 Al 5/2010
WO WO 2012/113131 Al 8/2012

OTHER PUBLICATIONS

ZTE, “Support to Live-Change of Downlink-Uplink Allocation
Ratio in LTE/TDD”, 3GPP TSG RAN WGl Meeting #52bis,
R1-081415, Shenzhen, China, Mar. 31-Apr. 4, 2008, pp. 1-14.

* cited by examiner



US 9,432,982 B2

Sheet 1 of 42

Aug. 30, 2016

U.S. Patent

1341801

N

q00¢

00y —— 1ossasoid Kiowaw

N

q00¢

Iapnusuen

N

q001

4008 —

10A10031

N

e00¢t

Alowaw

10ss3001d

——200p

~

20T

Jajrusuey

N

00!

V4T,

40

1 Old



U.S. Patent Aug. 30, 2016 Sheet 2 of 42 US 9,432,982 B2

FIG. 2
201 202 203 204 205
__ | 'scrambling modulation precoder RE SCQ@EX A ——
module module mapper generator




US 9,432,982 B2

Sheet 3 of 42

Aug. 30, 2016

U.S. Patent

PI0A 3p02

L

10d 90¢ s0¢ 20t 10€
BUUJUR / / / /
W §8wa soddew a|npow 3[npow
eusis ]
m <~Eomo o i UOTR[NpOU Juijquresds
m 19p0221d 1oke]
: Samm%m 1addew anpow a[npow
® ]
Alm' <~E 0 T yone[npowt Suiquelss
yod \ \ \ 1okej \ \ \
RUURIIE g0 c0¢ OC €0 20¢ 10¢

& Dl

RE

pIoM 3poo



US 9,432,982 B2

Sheet 4 of 42

Aug. 30, 2016

U.S. Patent

90¥ i j4Vi4 £0y
I N e
[ © | ez o
'

Yo01d 2uQ 14ar Z ¥201g °uQ
Ky & Ty ) [eL3§ g Jjere o
{me e eox} =g | | orpaper | X} i {8 o oo

. = !
]
— - g b Suddepy ’ Surdeyg as|nq :Sq -
A X1ja1d APAY 1D -
¥ Old



U.S. Patent Aug. 30, 2016 Sheet 5 of 42 US 9,432,982 B2

FIG. 5

0
from — + T to IFFT
DFT .- _ - -

0<




US 9,432,982 B2

Sheet 6 of 42

Aug. 30, 2016

U.S. Patent

1-QSN# 019
-qus

T# P3019-qug

1# 12019-qng \

(unye Mg ZHWOZ 39)
.SES Eocanoo U0 10 m

i

~
AN
N
N
N—=1oroadde [ pasaisn])
|
£# 13019-qn§ /
i
|
{#00]g-qng ﬂ ndino 1 4@ 1dd
1#0ig-qus | |
0#00jg-ang | |

-

-

/

T~ /\\ -
P ¥201q-qns  uryiim

Fuiddew pazijzoo] ('xg

9 DI

[OqUIAS UOTRNPON




US 9,432,982 B2

Sheet 7 of 42

Aug. 30, 2016

U.S. Patent

(unyd Mg ZHINOZ32) 1-95N# - T
1911789 JUSUOAWOd 310 10,] .

7. (TN Yo \
.\.. -qng
_\ g4 voleeang | |
i i
ﬁ 74 Yo019-qng _
L Emf T 0InS L L o L4a 14a Loquids uoE POy
: T#%00]q-qng \
301g-gQn
/ (] vworgang Py A H RS
\ /
|
({ oz wora-ans \
( \\ %) Suddew T~ _
Aungo M ZHNOT 32 ousth —
urewop Asuanbaiy \/J S

e

14 1211182 Jusuodwod aue 104 /
" Buiddew pazijeao] ('xg

Ounyo Mg ZHW0Z 39)
(# Jo111BD JUATOAWO) U0 IO

4 Ol



US 9,432,982 B2

Sheet 8 of 42

Aug. 30, 2016

U.S. Patent

(qunuo Mg ZHNOZ 30) [-qsNg

JauIed juauoduiod auo 10,

(16(1-98N J4ldy7)dxa

(] J1d,7)dxa

1-QSN# 3001q
-qns

H0IG-40S ~ |

(141 Jxidgg)dxo

& 1woreans
(40 J41d,7)dxo :
14T A 0% Yo0[q-qng
guddew
urewop Aduanbai]
(unyo Mg ZHNOZ 30) -
:w Huwbwu Eo:anoU U0 10 m e
(Yunyo M€ ZHINGT 39)

(# Jo1IIED JUSUOCGWIOD SUO 10,

yoeoudde 1.4q pasaisn)

€4 30019-qn§

C# ¥o0[q-qng

[#390]9-qn§

0# %001q-qng

mdino 14q

14d

JoquiAs uone[poy

~—

-

§909-qnS & LIyiIM

8 DI

3uiddew pozijeoo] ('xg




US 9,432,982 B2

Sheet 9 of 42

Aug. 30, 2016

U.S. Patent

UOTHISU]
d

&:m °

—

UOHBIUAW3aS
3o07g 3po)

A|m Surd —
— |QNE et 'H. =3
: : ouIpo;)
: ou | ¢ L+ 10JB[NPOA |=—|
144l o d JEIMPOIN jouRy)
o L]
0
Awm guid —
=0 fdepy e L
X N Suipon
: | [+ JOJBINPOIN [=—1 ™
Ml e =1 g PO ey
o |9 L]
-0
A|"im 3ud ] uoneu
= |Q.® ——- rﬁ °
L4 o_wz P |1 101B[NPOJN te—o| Buipoy -owdag
129 2 g [ouuey)
Tm |QDW |4 MESLU
~—0
AJIM Surd =
=0 | depy | L
: : Surpon
: au | i e JOR[NPOI |=—] 2
Lddt S m TEITPOIN [ouuRy)
: m qngs L]
Lo == T T T T T —
A|m ud | — >
=0 | dep |- L
: : Su1po)
: au | ¢ e JOJR[NPOIN [ =
Lddl G m JE|NPON joutEy)
Z 0| ans [T p
SO -7




US 9,432,982 B2

Sheet 10 of 42

Aug. 30, 2016

U.S. Patent

SIddn  dD Sidaa SLddn 4D SLd MQ

JE—
[, StouLoe |
j ‘PUIRLqns 2u()

6 oE_SE:m

8H oEV.Cn_zm

M T _ w _ ! _
[#WBGNS| | | Gk SWRLQNS |y SURYQNG| ¢4 SWRLANS 7# AwLGNS| | | (04 Sweqng
_ w _ _ L |

- ]
|

S mx—lomﬁom_ mqu@mmﬂ _HSEH “
T~ >~ 0[5 UQ

| U1 g = $1009€S ] ‘QWr-F[ey UQ “
_ SW O] =5100ZL0€ = 71, ‘W 0Ipe1 3uQ) _

| oweygngaug

61# 813# 15 i# I# 0#

1
SW ¢'0 =5109€ST =1FL 0[S 3UQ

S 0] =5 L00TL0S = 4L ‘aWely 0Ipe1 3uQ

01 DA

(®)



U.S. Patent

Aug. 30,2016 Sheet 11 of 42
FIG. 11
Subframe
Slot Slot
Dy = N g -1 PUCCH (m=1) PUCCH (m=0)
npre=N %L} 2 PUCCH (m=3) , PUCCH (m=2)

/

PUCCH (m=4)

RB pair

US 9,432,982 B2

l Contro! region

<

DC

npp =2

Npr ™ 1

N pr =0
Frequency|

Time

PUCCH (m=4)

PUCCH (m=2)

N PUCCH (m=3)

PUCCH (m=0)

PUCCH (m=1)

> Data region

<

> Control region




U.S. Patent Aug. 30, 2016 Sheet 12 of 42 US 9,432,982 B2

FIG. 12
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FIG. 13
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FIG. 15
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FIG. 21
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FIG. 22
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FIG. 25
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FIG. 36
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FIG. 37
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FIG. 40
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FIG. 41
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METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION
IN WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Phase of PCT/KR2012/
003300 filed on Apr. 27, 2012, which claims priority under
35 U.S.C. 119(e) to U.S. Provisional Application No.
61/479,820 filed on Apr. 27, 2011, all of which are hereby
expressly incorporated by reference into the present appli-
cation.

TECHNICAL FIELD

The present invention relates to a wireless communication
system, and more particularly to a method and apparatus for
transmitting control information in a wireless communica-
tion system which can support carrier aggregation (CA).

BACKGROUND ART

Wireless communication systems have been widely
deployed to provide various types of communication ser-
vices such as voice or data services. Generally, a wireless
communication system is a multiple access system that can
communicate with multiple users by sharing available sys-
tem resources (such as bandwidth, transmission (Tx) power,
and the like). Examples of the multiple access system
include a Code Division Multiple Access (CDMA) system,
a Frequency Division Multiple Access (FDMA) system, a
Time Division Multiple Access (TDMA) system, an
Orthogonal Frequency Division Multiple Access (OFDMA)
system, and a Single Carrier Frequency Division Multiple
Access (SC-FDMA) system.

DISCLOSURE
Technical Problem

An object of the present invention is to provide a method
and apparatus for effectively transmitting control informa-
tion in a wireless communication system. Another object of
the present invention is to provide a channel format and
signal processing for effectively transmitting control infor-
mation, and an apparatus for the same. A further object of the
present invention is to provide a method and apparatus for
effectively allocating resources for transmitting control
information.

Objects of the present invention are not limited to those
described above and other objects will be clearly understood
by those skilled in the art from the following description.

Technical Solution

The object of the present invention can be achieved by
providing a method for transmitting control information
from a terminal to at least one base station in a wireless
communication system, the method including receiving at
least one of a Physical Downlink Control Channel (PDCCH)
and a Physical Downlink Shared Channel (PDSCH) from
the at least one base station through at least one serving cell
configured in the terminal, and transmitting control infor-
mation associated with reception of the PDCCH or reception
of'a PDSCH indicated by the PDCCH to the at least one base
station, wherein each of the at least one base station may use

10

15

20

25

30

35

40

45

50

55

60

65

2

a different uplink and downlink configuration (UL-DL con-
figuration) and a uplink-downlink (UL-DL) configuration
used in the at least one serving cell may be changed based
on a timing determined according to a preset condition.

The UL-DL configuration used in the at least one serving
cell may be changed based on a Hybrid Automatic Repeat
reQuest (HARQ) process period and a multiple of the
HARQ process period.

The HARQ process period may be a time period, at
intervals of which time positions are repeated in each of the
HARQ processes.

The timing may be repeated according to the HARQ
process period or a multiple of the HARQ process period
from a start or reset time of a System Frame Number (SFN).

The HARQ process period may be 8 or more subframes.

The HARQ process period may be determined differently
according to the different UL-DL configuration of the at
least one base station.

The HARQ process period may be 70 ms when the at least
one base station has a 0th UL-DL configuration, 20 ms when
the at least one base station has 1st to 5th UL-DL configu-
rations, and 60 ms when the at least one base station has a
6th UL-DL configuration.

The UL-DL configuration used in the at least one serving
cell may be changed according to a pattern period of an
Almost Blank Subframe (ABS) or a multiple of the pattern
period.

The timing may be repeated according to the pattern
period of the ABS or a multiple of the pattern period from
a start or reset time of a System Frame Number (SFN).

The pattern period of the ABS may be 70 ms when the at
least one base station has a 0th UL-DL configuration, 20 ms
when the at least one base station has 1st to 5th UL-DL
configurations, and 60 ms when the at least one base station
has a 6th UL-DL configuration.

The method may further include receiving first informa-
tion from the base station, wherein the UL-DL configuration
used in the at least one serving cell is changed according to
the received first information.

The control information may be acknowledgment (ACK)
or negative acknowledgment (NACK).

In another aspect of the present invention, provided herein
is a terminal for transmitting control information to at least
one base station in a wireless communication system, the
terminal including a reception module for receiving at least
one of a Physical Downlink Control Channel (PDCCH) and
a Physical Downlink Shared Channel (PDSCH) from the at
least one base station through at least one serving cell
configured in the terminal, a transmission module for trans-
mitting control information associated with reception of the
PDCCH or reception of a PDSCH indicated by the PDCCH
to the at least one base station, and a processor for perform-
ing a control operation for changing a UL-DL configuration
used in the at least one serving cell based on a timing
determined according to a preset condition, wherein each of
the at least one base station may use a different uplink and
downlink configuration (UL-DL configuration).

The processor may perform a control operation for chang-
ing the UL-DL configuration used in the at least one serving
cell based on a Hybrid Automatic Repeat reQuest (HARQ)
process period and a multiple of the HARQ process period.

The processor may perform a control operation for repeat-
ing the timing according to the HARQ process period or a
multiple of the HARQ process period from a start or reset
time of a System Frame Number (SFN).
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The processor may perform a control operation for deter-
mining the HARQ process period differently according to
the different UL-DL configuration of the at least one base
station.

The HARQ process period may be 70 ms when the at least
one base station has a 0th UL-DL configuration, 20 ms when
the at least one base station has 1st to 5th UL-DL configu-
rations, and 60 ms when the at least one base station has a
6th UL-DL configuration.

The processor may perform a control operation for chang-
ing the UL-DL configuration used in the at least one serving
cell according to a pattern period of an Almost Blank
Subframe (ABS) or a multiple of the pattern period.

The processor may perform a control operation for repeat-
ing the timing according to the pattern period of the ABS or
a multiple of the pattern period from a start or reset time of
a System Frame Number (SFN).

The pattern period of the ABS may be 70 ms when the at
least one base station has a 0th UL-DL configuration, 20 ms
when the at least one base station has 1st to 5th UL-DL
configurations, and 60 ms when the at least one base station
has a 6th UL-DL configuration.

Advantageous Effects

According to the present invention, it is possible to
efficiently transmit control information in a wireless com-
munication system. It is also possible to provide a channel
format and a signal processing method for efficiently trans-
mitting control information. It is also possible to efficiently
allocate resources for control information transmission.

Advantages of the present invention are not limited to
those described above and other advantages will be clearly
understood by those skilled in the art from the following
description.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1 illustrates configurations of a UE and a BS to
which the present invention is applied;

FIG. 2 illustrates a signal processing procedure that a UE
performs for transmitting an uplink signal;

FIG. 3 illustrates a signal processing procedure that a BS
performs for transmitting a downlink signal;

FIG. 4 illustrates an SC-FDMA scheme and an OFDMA
scheme to which the present invention is applied;

FIG. 5 illustrates examples in which an input symbol is
mapped to a subcarrier in a frequency domain while satis-
fying single carrier characteristics;

FIG. 6 illustrates a signal processing procedure in which
DFT process output samples are mapped to a single carrier
in the clustered SC-FDMA method;

FIGS. 7 and 8 illustrate a signal processing procedure in
which DFT process output samples are mapped to multiple
carriers in a clustered SC-FDMA method;

FIG. 9 illustrates a segmented SC-FDMA signal process-
ing procedure;

FIG. 10 illustrates exemplary structures of a radio frame
used in a wireless communication system;

FIG. 11 illustrates an uplink subframe structure;

FIG. 12 illustrates an example for determining a PUCCH
for ACK/NACK transmission;
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FIGS. 13 and 14 illustrate slot level structures of PUCCH
formats 1a and 1b for ACK/NACK transmission;

FIG. 15 illustrates a PUCCH format 2/2a/2b structure in
the case of a normal CP;

FIG. 16 illustrates a PUCCH format 2/2a/2b structure in
the case of an extended CP;

FIG. 17 illustrates ACK/NACK channelization for the
PUCCH formats 1a and 1b;

FIG. 18 illustrates channelization of a structure in which
PUCCH formats 1/1a/1b and PUCCH formats 2/2a/2b are
mixed within the same PRB;

FIG. 19 illustrates Physical Resource Block (PRB) allo-
cation;

FIG. 20 illustrates a scheme of management of downlink
component carriers (DL CCs) in a BS;

FIG. 21 illustrates a scheme of management of uplink
component carriers (UL CCs) in a UE;

FIG. 22 illustrates a scheme of management of multiple
carriers by one MAC entity in a BS;

FIG. 23 is a conceptual diagram of management of
multiple carriers by one MAC entity in a UE;

FIG. 24 illustrates a scheme of management of multiple
carriers by a plurality of MAC entities in a BS;

FIG. 25 illustrates a scheme of management of multiple
carriers by a plurality of MAC entities in a UE;

FIG. 26 illustrates another scheme of management of
multiple carriers by a plurality of MAC entities in a BS;

FIG. 27 illustrates another scheme of management of
multiple carriers by a plurality of MAC entities in a UE;

FIG. 28 illustrates an asymmetric carrier aggregation
which includes 5 DL CCs and one UL CC;

FIGS. 29 to 32 illustrate a PUCCH format 3 and an
associated signal processing procedure to which the present
invention is applied;

FIG. 33 illustrates an ACK/NACK information transmis-
sion structure based on channel selection to which the
present invention is applied;

FIG. 34 illustrates an ACK/NACK information transmis-
sion structure using enhanced channel selection to which the
present invention is applied;

FIG. 35 illustrates an exemplary PDSCH or PDCCH
(n-k) for DCI format 1/1A/1B/1D/2/2A/2B/2C;

FIG. 36 illustrates an exemplary PDCCH (n-k) for DCI
format 0/4;

FIG. 37 illustrates an exemplary PHICH or DCI format
0/4 in a general HARQ operation;

FIG. 38 illustrates an exemplary DCI format 0/4 having
subframes that have been bundled in a PHICH to which
bundling (n-1) is applied;

FIG. 39 illustrates an exemplary PHICH or DCI format
0/4 having subframes that have been bundled in a PHICH to
which bundling (n-1) is applied;

FIG. 40 illustrates an exemplary PHICH and PUSCH(n)
allocated to (n+k);

FIG. 41 illustrates exemplary PUSCH (i-k) and PHICH
@

FIG. 42 illustrates an example in which a UL-DL con-
figuration used in a plurality of serving cells is changed
according to the period of a HARQ process in association
with the present invention;

FIG. 43 illustrates another example in which a UL-DL
configuration used in a plurality of serving cells is changed
according to the period of a HARQ process in association
with the present invention;
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FIG. 44 illustrates another example in which a UL-DL
configuration used in a plurality of serving cells is changed
according to the period of a HARQ process in association
with the present invention;

FIG. 45 illustrates another example in which a UL-DL
configuration used in a plurality of serving cells is changed
according to the period of a HARQ process in association
with the present invention;

FIG. 46 illustrates another example in which a UL-DL
configuration used in a plurality of serving cells is changed
according to the period of a HARQ process in association
with the present invention;

FIG. 47 illustrates another example in which a UL-DL
configuration used in a plurality of serving cells is changed
according to the period of a HARQ process in association
with the present invention; and

FIG. 48 illustrates another example in which a UL-DL
configuration used in a plurality of serving cells is changed
according to the period of a HARQ process in association
with the present invention.

BEST MODE

Reference will now be made in detail to the preferred
embodiments of the present invention with reference to the
accompanying drawings. The detailed description, which
will be given below with reference to the accompanying
drawings, is intended to explain exemplary embodiments of
the present invention, rather than to show the only embodi-
ments that can be implemented according to the invention.
The following detailed description includes specific details
in order to provide a thorough understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention may be practiced without such
specific details.

Techniques, apparatuses and systems described in the
following can be used in various wireless access systems.
Examples of the various wireless access systems include a
Code Division Multiple Access (CDMA) system, a Fre-
quency Division Multiple Access (FDMA) system, a Time
Division Multiple Access (ITDMA) system, an Orthogonal
Frequency Division Multiple Access (OFDMA) system, a
Single Carrier Frequency Division Multiple Access (SC-
FDMA) system, and a Multi-Carrier Frequency Division
Multiple Access (MC-FDMA) system. CDMA may be
implemented with a radio technology such as Universal
Terrestrial Radio Access (UTRA) or CDMA2000. TDMA
may be implemented with a radio technology such as Global
System for Mobile communications (GSM), General Packet
RadioService (GPRS), or Enhanced Data rates for GSM
Evolution (EDGE). OFDMA may be implemented with a
radio technology such as Institute of Electrical and Elec-
tronics Engineers (IEEE) 802.11 (Wi-Fi), IEEE 802.16
(WiMAX), IEEE 802.20, or Evolved-UTRA (E-UTRA).
UTRAN is a part of Universal Mobile Telecommunication
System (UMTS) and 3rd Generation Partnership Project
(3GPP) Long Term Evolution (LTE) is a part of Evolved-
UMTS (E-UMTS) that uses E-UTRAN. 3GPP LTE employs
OFDMA for downlink and employs SC-FDMA for uplink.
LTE-Advanced (LTE-A) is an evolved version of 3GPP
LTE. For ease of explanation, the present invention will
hereinafter be described on the assumption that the present
invention is applied to 3GPP LTE/LTE-A. However, tech-
nical features of the present invention are not limited to the
3GPP LTE/LTE-A system. For example, although the fol-
lowing description will be given based on a wireless com-
munication system corresponding to the 3GPP LTE/LTE-A
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system, the following description can be applied to other
wireless communication systems, excluding unique features
of the 3GPP LTE/LTE-A system.

In some instances, known structures and devices are
omitted or shown in block diagram form, focusing on
important features of the structures and devices, so as not to
obscure the concept of the present invention. The same
reference numbers will be used throughout this specification
to refer to the same or like parts.

In the present invention, the term “terminal” refers to any
device that may be stationary or mobile and may commu-
nicate with a BS to transmit and receive data and/control
information to and from the BS. The terminal may also be
referred to as a user equipment (UE), a mobile station (MS),
a mobile terminal (MT), a user terminal (UT), a subscriber
station (SS), a wireless device, a personal digital assistant
(PDA), a wireless modem, or a handheld device.

The base station (BS) is a fixed station that communicates
with a terminal or another BS to exchange various data and
control information with the terminal or the other BS. The
term “base station (BS)” may be replaced with another term
such as evolved-Node B (eNB), base transceiver system
(BTS), or access point (AP).

In the present invention, when it is said that a specific
signal is allocated to a frame, subframe, slot, carrier, or
subcarrier, this means that the specific signal is transmitted
through the carrier or subcarrier during a period or timing of
the frame, subframe, or slot.

In the present invention, the term “rank™ or “transmission
rank” refers to the number of layers that are multiplexed or
allocated to one OFDM symbol or one Resource Element
(RE).

In the present invention, the terms “Physical Downlink
Control Channel (PDSCH)”, “Physical Control Format Indi-
cator Channel (PCFICH)”, “Physical Hybrid automatic
retransmit request Indicator Channel (PHICH)”, and “Physi-
cal Downlink Shared Channel (PDSCH)” refer to a set of
REs carrying Downlink Control Information (DCI), a set of
REs carrying a Control Format Indicator (CFI), a set of REs
carrying an ACK/NACK (ACKnowlegement/Negative
ACK), and a set of REs carrying DL data, respectively.

In addition, the terms “Physical Uplink Control Channel
(PUCCH)”, “Physical Uplink Shared Channel (PUSCH)”,
and “Physical Random Access Channel (PRACH)” refer to
a set of REs carrying Uplink Control Information (UCI), a
set of REs carrying UL data, and a set of REs carrying a
random access signal, respectively.

In the present invention, an RE that is assigned to or
belongs to a PDCCH/PCFICH/PHICH/PDSCH/PUCCH/
PUSCH/PRACH may be referred to as a PDCCH/PCFICH/
PHICH/PDSCH/PUCCH/PUSCH/PRACH RE or a
PDCCH/PCFICH/PHICH/PDSCH/PUCCH/PUSCH/
PRACH resource.

Therefore, in the present invention, transmission of a
PUCCH/PUSCH/PRACH by a terminal may be conceptu-
ally identical to transmission of UL control information/UL
data/random access signal through a PUSCH/PUCCH/
PRACH. In addition, transmission of a PDCCH/PCFICH/
PHICH/PDSCH by a BS may be conceptually identical to
transmission of DL control information/data through a
PDCCH/PCFICH/PHICH/PDSCH.

On the other hand, in the present invention, mapping of
ACK/NACK information to a specific constellation point
may be conceptually identical to mapping of ACK/NACK
information to a specific complex modulation symbol. In
addition, mapping of ACK/NACK information mapped to a
specific complex modulation symbol may be conceptually
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identical to modulation of ACK/NACK information into a
specific complex modulation symbol.

FIG. 1 illustrates configurations of a UE and a BS to
which the present invention is applied. The UE operates as
a transmitting device in uplink and operates as a receiving
device in downlink. On the other hand, the BS operates as
a receiving device in uplink and operates as a transmitting
device in downlink.

As shown in FIG. 1, the UE and the BS include antennas
500a and 5005 for receiving information, data, signals,
messages, or the like, transmitters 100a and 1005 for trans-
mitting messages by controlling the antennas 500a and
5005, receivers 300a and 30056 for receiving information,
data, signals, messages, or the like by controlling the anten-
nas 500a and 5005, and memories 200a and 2004 for storing
various information in the wireless communication system.
The UE and the BS further include processors 400a and
4005, respectively, which are operatively connected to the
components of the UE and the BS, such as the transmitters
100a and 10056, the receivers 300a and 3005, and the
memories 200a and 2005 to control the components.

The transmitter 100q, the memory 200q, the receiver
300aq, and the processor 400q in the UE may be configured
as independent components on separate chips or two or more
of these components may be implemented through a single
chip. Similarly, the transmitter 1005, the memory 2005, the
receiver 3005, and the processor 4005 in the BS may be
configured as independent components on separate chips or
two or more of these components may be implemented
through a single chip. The transmitter and the receiver may
also be configured as a single transceiver in the UE or the
BS.

The antennas 500a and 5005 transmit signals generated
from the transmitters 100a and 1005 to the outside or
transfer radio signals received from the outside to the
receivers 300a and 3005. The antennas 500a and 5005 may
also be referred as antenna ports. Each antenna port may
correspond to one physical antenna or may be constructed of
a combination of physical antennas. If the transmitters 100a
and 1005 and/or the receivers 300a and 3005 support a
Multiple Input Multiple Output (MIMO) function which
transmits and/or receives data or the like using multiple
antennas, each antenna port may be connected to two or
more antennas.

The processor 400a and/or 4005 performs overall opera-
tion of the components or modules of the UE and/or the BS.
Especially, the processors 400a and 4006 may perform
various control functions for performing the present inven-
tion, a Medium Access Control (MAC) frame variable
control function based on service characteristics and radio
environments, a power saving mode function for controlling
idle-mode operations, a handover function, an authentica-
tion and encryption function, and the like. The processors
400a and 4005 may also be referred to as controllers,
microcontrollers, microprocessors, microcomputers, etc.
The processors 400a and 4005 may be implemented by
hardware, firmware, software, or any combination thereof.

In the case in which the present invention is implemented
by hardware, application specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal
processing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), or the like
may be included in the processors 400a and 4005.

In the case in which the present invention is implemented
by firmware or software, the firmware or software may be
configured such that the firmware or software includes
modules, processes, functions, or the like for performing the
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features or operations. The firmware or software configured
s0 as to perform the present invention may be included in the
processors 400a and 4005 or may be stored in the memories
200q and 2005 so as to be executed by the processors 400a
and 4005.

The transmitters 100a and 1005 perform predetermined
coding and modulation for signals and/or data, which are
scheduled to be transmitted to the outside by the processors
400a and 4005 or by schedulers connected to the processors
400a and 4005, and then transfer the resulting signals and/or
data to the antennas 500a and 5005. The transmitters 100a
and 1005 and the receivers 300a and 3005 of the UE and the
BS may be configured in different manners depending on the
procedures of processing transmitted signals and received
signals.

The memories 200a and 2006 may store programs
required for processing and control of the processors 400a
and 4006 and may temporarily store input and output
information. Each of the memories 200a and 2006 may be
used as a buffer. Each of the memories 2004 and 20056 may
be implemented using a flash memory, a hard disk, a
multimedia card micro, a card (for example, SD or XD
memory), Random Access Memory (RAM), Static Random
Access Memory (SRAM), Read-Only Memory (ROM),
Electrically Erasable Programmable Read-Only Memory
(EEPROM), Programmable Read-Only Memory (PROM), a
magnetic memory, a magnetic disc, or an optical disc.

FIG. 2 illustrates a signal processing procedure that a UE
performs for transmitting an uplink signal. As shown in FIG.
2, the transmitter 100a of the UE may include a scrambler
201, a modulation mapper 202, a precoder 203, a resource
element (RE) mapper 204, and an SC-FDMA signal gen-
erator 205.

The scrambler 201 may scramble a transmission signal
using a scramble signal in order to transmit the uplink signal.
The scrambled signal is input to the modulation mapper 202
and the modulation mapper 202 then modulates the
scrambled signal into complex symbols using a modulation
scheme, such as Binary Phase Shift Keying (BPSK),
Quadrature Phase Shift Keying (QPSK), or 16 Quadrature
Amplitude Modulation (16QAM)/64 Quadrature Amplitude
Modulation (64QAM), according to the type of the trans-
mission signal and/or a channel status. A transform precoder
203 processes and inputs the modulated complex symbols to
a resource element mapper 204. The resource element
mapper 204 may map the processed complex symbols to
time-frequency resource elements. The mapped signal may
be transmitted to the BS through an antenna port via a Single
Carrier-Frequency Division Multiple Access (SC-FDMA)
signal generator 205.

FIG. 3 illustrates a signal processing procedure that the
BS performs for transmitting a downlink signal. As shown
in FIG. 3, the transmitter 1005 of the BS may include a
scrambler 301, a modulation mapper 302, a layer mapper
303, a precoder 304, a resource element (RE) mapper 305,
and an OFDMA signal generator 306.

In order to transmit a signal or at least one codeword in
downlink, the signal or codewords may be modulated into
complex symbols through the scrambler 301 and the modu-
lation mapper 302 in the same manner as in FIG. 2.
Thereafter, the modulated complex symbols may be mapped
to a plurality of layers by the layer mapper 303 and each
layer may then be allocated to a corresponding transmission
antenna after being multiplied by a predetermined precoding
matrix by the precoder 304. The processed transmission
signal of each antenna is mapped to a time-frequency
resource element (RE) by the RE mapper 305 and may then
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be transmitted through a corresponding antenna via the
OFDMA signal generator 306.

When a UE transmits an uplink signal in a wireless
communication system, there may be a Peak to Average
Power Ratio (PAPR) problem compared to when a BS
transmits a downlink signal. Thus, uplink signal transmis-
sion is performed using the SC-FDMA scheme while down-
link signal transmission is performed using the OFDMA
scheme as described above with reference to FIGS. 2 and 3.

FIG. 4 illustrates an SC-FDMA scheme and an OFDMA
scheme to which the present invention is applied. The 3GPP
system employs the OFDMA scheme in downlink and the
SC-FDMA scheme in uplink.

As shown in FIG. 4, a UE for uplink signal transmission
and a BS for downlink signal transmission are similar in that
both include a Serial-to-Parallel converter 401, a subcarrier
mapper 403, an M-point IDFT module 404 and a Cyclic
Prefix (CP) addition module 406. However, a UE for trans-
mitting a signal using the SC-FDMA scheme further
includes an N-point DFT module 402. The N-point DFT
module 402 compensates for a certain part of the influence
of IDFT processing of the M-point IDFT module 1504 to
allow a transmission signal to have single carrier properties.

SC-FDMA needs to satisfy single carrier characteristics.
FIG. 5 shows examples in which an input symbol is mapped
to a subcarrier in a frequency domain while satistying single
carrier characteristics. If a DFTed symbol is allocated to a
subcarrier according to one of the mapping methods of
FIGS. 5(a) and 5(b), it is possible to obtain a transmission
signal satisfying single carrier characteristics. FIG. 5(a)
illustrates a localized mapping method and FIG. 5(b) illus-
trates a distributed mapping method.

On the other hand, the transmitter 100a or 1005 may
employ the clustered DFT-s-OFDM scheme. The clustered
DFT-s-OFDM scheme is a modification of the conventional
SC-FDMA scheme in which a signal output from the pre-
coder is divided into some sub-blocks and the divided
sub-blocks are then discontinuously mapped to subcarriers.
FIGS. 6 to 8 show examples in which an input symbol is
mapped to a single carrier through clustered DFT-s-OFDM.

FIG. 6 shows a signal processing procedure in which DFT
process output samples are mapped to a single carrier in the
clustered SC-FDMA method. FIGS. 7 and 8 show a signal
processing procedure in which DFT process output samples
are mapped to multiple carriers in the clustered SC-FDMA
method. Intra-carrier cluster SC-FDMA is applied to the
example of FIG. 6 and inter-carrier clustered SC-FDMA is
applied to the examples of FIGS. 7 and 8. Specifically, FIG.
7 shows an example in which a signal is generated through
a single IFFT block when subcarrier spacings are defined
between adjacent component carriers in the case in which
component carriers are contiguously allocated to the fre-
quency domain. FIG. 8 shows an example in which a signal
is generated through a plurality of IFFT blocks when com-
ponent carriers have been non-contiguously allocated to the
frequency domain.

FIG. 9 shows a segmented SC-FDMA signal processing
procedure.

Segmented SC-FDMA simply extends the DFT spread
and IFFT frequency subcarrier mapping structure of con-
ventional SC-FDMA since DFTs and IFFTs are in a one-to-
one relationship as the same number of IFFTs as that of
DFTs is applied. Segmented SC-FDMA is also referred to as
NxSC-FDMA or NxDFT-s-OFDMA. These schemes are
collectively referred to as a segmented SC-FDMA. As
shown in FIG. 9, in order to alleviate the requirements of
single carrier characteristics, the segment SC-FDMA
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scheme groups all time-domain modulation symbols into N
groups (N: an integer greater than 1) such that a DFT process
is performed in units of a group.

FIG. 10 illustrates exemplary structures of a radio frame
used in a wireless communication system. Particularly, F1G.
10(a) illustrates a radio frame according to Frame Structure
type 1 (FS-1) of a 3GPP LTE/LTE-A system and FIG. 10(b)
illustrates a radio frame according to Frame Structure type
2 (FS-2) of the 3GPP LTE/LTE-A system. The frame struc-
ture of FIG. 10(a) may be applied to a Frequency Division
Duplexing (FDD) mode and a half-FDD (H-FDD) mode.
The frame structure of FIG. 10(b) may be applied to a Time
Division Duplexing (TDD) mode.

As shown in FIG. 10, a radio frame used in 3GPP
LTE/LTE-A is 10 ms (307,200 T,) long and is divided into
10 subframes of the same size. Subframe numbers may be
assigned respectively to 10 subframes within a radio frame.
T, represents a sampling time and is given as T ,=1/(2048x15
kHz). Each subframe is 1 ms long and is divided into two
slots. 20 slots in a radio frame may be sequentially num-
bered 0 to 19. Each slot is 0.5 ms long. A time interval
required to transmit one subframe is defined as a Transmis-
sion Time Interval (TTI). Time resources may be discrimi-
nated by a radio frame number (or a radio frame index), a
subframe number (or a subframe index), a slot number (or
a slot index), and the like.

A radio frame may be constructed differently according to
a duplex mode. For example, in the FDD mode, DL trans-
mission and UL transmission are discriminated according to
frequency such that, a radio frame includes only one of'a DL
subframe or a UL subframe.

On the other hand, in the TDD mode, DL transmission and
UL transmission are discriminated according to time such
that subframes in a frame are divided into DL and UL
subframes.

FIG. 11 shows an uplink subframe structure to which the
present invention is applied. As shown in FIG. 11, an uplink
subframe may be divided into a control area and a data area
in the frequency domain. At least one Physical Uplink
Control Channel (PUCCH) may be allocated to the control
area to transmit uplink control information (UCI). A Physi-
cal Uplink Shared Channel (PUSCH) may also be allocated
to the data area to transmit user data. However, when the UE
adopts the SC-FDMA scheme in LTE Release 8 or 9, one UE
is not allowed to simultaneously transmit a PUCCH and a
PUSCH in order to maintain single carrier characteristics.

The size and usage of uplink control information (UCI)
transmitted over a PUCCH vary according to PUCCH
format. The size of UCI may also vary according to coding
rate. For example, the following PUCCH format may be
defined.

(1) PUCCH Format 1: Used for On-Off keying (OOK)
modulation and Scheduling Request (SR)

(2) PUCCH Formats 1a and 1b: Used for transmission of
Acknowledgment/Negative ~ Acknowledgment  (ACK/
NACK) information

1) PUCCH Format la: 1-bit BPSK-modulated ACK/

NACK information
2) PUCCH Format 1b: 2-bit QPSK-modulated ACK/
NACK information

(3) PUCCH Format 2: Used for QPSK modulation and
CQI transmission

(4) PUCCH Formats 2a and 2b: Used for simultaneous
transmission of CQI and ACK/NACK information

Table 1 shows modulation schemes and the numbers of
bits per subframe according to the PUCCH formats. Table 2
shows the numbers of reference symbols (RSs) per slot
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according to the PUCCH formats. Table 3 shows the loca-
tions of SC-FDMA symbols of RSs according to the
PUCCH formats. In Table 1, PUCCH formats 2a and 2b
correspond to a normal CP.

TABLE 1

PUCCH Number of bits per

format Modulation scheme subframe

1 N/A N/A

la BPSK 1

1b QPSK 2

2 QPSK 20

2a QPSK + BPSK 21

2b QPSK + BPSK 22
TABLE 2

PUCCH

format Normal CP Extended CP

1, la, 1b 3 2

2 2 1

2a, 2b 2 N/A
TABLE 3

PUCCH SC-FDMA symbol locations of RS

format Normal CP Extended CP

1, la, 2,3,4 2,3

1b

2, 2a, 1,5 3

2b

In a UL subframe, subcarriers distant from a DC (Direct
Current) subcarrier are used as a control area. Specifically,
subcarriers located at both ends of a UL transmission
bandwidth are assigned for UL control information trans-
mission. DC subcarriers remain unused for signal transmis-
sion and are mapped to a carrier frequency (f,) in a fre-
quency upconversion process performed by the OFDM/SC-
FDMA signal generator.

A PUCCH for a UE is allocated to an RB pair in a
subframe and the RBs of the RB pair occupy different
subcarriers in two slots. This may be expressed as frequency
hopping of an RB pair allocated to a PUCCH over a slot
boundary. However, if frequency hopping is not applied, an
RB pair occupies the same subcarriers in two slots. Regard-
less of frequency hopping, a PUCCH for one UE is assigned
to an RB pair in one subframe and therefore the same
PUCCH is transmitted once per RB, a total of two times, in
each slot contained in one subframe.

Hereinafter, an RB pair used for PUCCH transmission in
one subframe is referred to as a PUCCH region. In addition,
the PUCCH region and codes used in the PUCCH region are
referred to as a PUCCH resource. That is, different PUCCH
resources may have different PUCCH regions or may have
different codes within the same PUCCH region. For ease of
explanation, a PUCCH carrying ACK/NACK information is
referred to as an ACK/NACK PUCCH, a PUCCH carrying
CQI/PMI/RI information is referred to as a Channel State
Information (CSI) PUCCH, and a PUCCH carrying SR
information is referred to as an SR PUCCH.

The UE receives an allocation of PUCCH resources for
UCI transmission from the BS according to an explicit or
implicit scheme.
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Uplink Control Information (UCI) such as ACK/NACK
(acknowledgement/negative acknowledgement), a Channel
Quality Indicator (CQI), a Precoding Matrix Indicator
(PMI), Rank Information (RI), and a Scheduling Request
(SR) may be transmitted over a control area of the UL
subframe.

In a wireless communication system, the BS and the UE
transmit and receive signals or data to and from each other.
If the BS transmits data to the UE, the UE decodes the
received data. The UE transmits an ACK to the BS if the data
has been successfully decoded and transmits a NACK to the
BS if data decoding fails. The same is true for the opposite
case, i.e., when the UE transmits data to the BS. In the 3GPP
LTE system, the UE receives a PDSCH or the like from the
BS and transmits an ACK/NACK for the PDSCH to the BS
through an implicit PUCCH determined based on a PDCCH
which carries scheduling information of the PDSCH. Here,
if the UE does not receive data, this may be considered a
discontinuous transmission (DTX) state or may be handled
as a state in which there is no received data or may be
handled in the same manner as when a NACK is provided
(i.e., as when decoding is unsuccessful although data has
been received) according to a predetermined rule.

FIG. 12 shows an example for determining a PUCCH for
an ACK/NACK to which the present invention is applied.

A PUCCH resource for ACK/NACK information is not
previously allocated to each UE and multiple UEs located in
a cell use a plurality of PUCCH resources in a divided
manner at every time point. More specifically, a PUCCH
resource used for ACK/NACK transmission of a UE is
implicitly determined based on a PDCCH that carries sched-
uling information of a PDSCH that carries corresponding
DL data. An entire region for transmitting a PDCCH in a DL,
subframe includes a plurality of Control Channel Elements
(CCEs) and a PDCCH that is transmitted to the UE includes
one or more CCEs. Each CCE includes a plurality of
Resource Element Groups (REGs) (e.g., 9 REGs). One REQ
is constructed of four neighbor REs when a reference signal
(RS) is excluded. The UE transmits ACK/NACK informa-
tion through an implicit PUCCH resource that is derived or
calculated using a function of a specific CCE index (e.g., the
first or lowest CCE index) from among CCEs that constitute
a PDCCH received by the UE.

As shown in FIG. 12, the lowest CCE index of the
PDCCH corresponds to a PUCCH resource index for ACK/
NACK transmission. As shown in FIG. 12, when it is
assumed that PDCCH scheduling information is transmitted
to the UE through a PDCCH that consists of 4 to 6-indexed
CCEs, the UE transmits an ACK/NACK to the BS through
a PUCCH derived or calculated from the 4-indexed CCE,
which is the lowest CCE of the PDCCH, for example,
through a 4-indexed PUCCH resource.

FIG. 12 shows an example in which up to M' CCEs are
present in a DL subframe and up to M PUCCH resources are
present in a UL subframe. Although M' may be identical to
M (M'=M), M' may be different from M and CCEs and
PUCCH resources may be mapped in an overlapping man-
ner. For example, a PUCCH resource index may be deter-
mined as follows.

)]

€]
RpuccH

=nccetNpucen [Expression 1]

In Expression 1, npp s is a PUCCH resource index
for ACK/NACK information transmission, N cc,'" is a
signal value received from a higher layer, and n indicates
the lowest CCE index used for PDCCH transmission.

FIGS. 13 and 14 illustrate slot level structures of PUCCH
formats la and 1b for ACK/NACK transmission.
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FIG. 13 shows a PUCCH format 1a and 1b structure in the
case of a normal CP. FIG. 14 shows a PUCCH format 1a and
1b structure in the case of an extended CP. In the PUCCH
format la and 1b structure, the same control information is
repeated in each slot within a subframe. UEs transmit
ACK/NACK signals through different resources that include
orthogonal covers or orthogonal cover codes (OCs or OCCs)
and different cyclic shifts (i.e., different frequency domain
codes) of a Computer-Generated Constant Amplitude Zero
Auto Correlation (CG-CAZAC) sequence. For example, the
OCs may include orthogonal Walsh/DFT codes. When the
number of CSs is 6 and the number of OCs is 3, a total of
18 UEs may be multiplexed in the same Physical Resource
Block (PRB) based on a single antenna. Orthogonal
sequences w0, wl, w2, and w3 may be applied to an
arbitrary time domain (after FF'T modulation) or an arbitrary
frequency domain (before FFT modulation). The slot level
structure of PUCCH format 1 for Scheduling Request (SR)
transmission is identical to that of PUCCH formats la and
1b with the difference being the modulation method.

For an ACK/NACK for SR transmission and semi-per-
sistent scheduling (SPS), PUCCH resources composed of
CSs, CCs and PRBs may be assigned to UEs through Radio
Resource Control (RRC) signaling. As previously illustrated
in FIG. 12, for both dynamic ACK/NACK (or ACK/NACK
for non-persistent scheduling) feedback and ACK/NACK
feedback for a PDCCH indicating SPS release, a PUCCH
resource may be implicitly assigned to the UE using a
PDCCH corresponding to the PDSCH or the lowest CCE
index of a PDCCH for SPS release.

FIG. 15 shows a PUCCH format 2/2a/2b structure in the
case of the normal CP. FIG. 16 shows a PUCCH format
2/2a/2b structure in the case of the extended CP. As shown
in FIGS. 15 and 16, one subframe includes 10 QPSK data
symbols in addition to an RS symbol in the normal CP case.
Each QPSK symbol is spread in the frequency domain by a
CS and is then mapped to a corresponding SC-FDMA
symbol. SC-FDMA symbol level CS hopping may be
applied in order to randomize inter-cell interference. RSs
may be multiplexed by CDM using a CS. For example, if it
is assumed that the number of available CSs is 12 or 6, 12
or 6 UEs may be multiplexed in the same PRB. For example,
in the PUCCH formats 1/1a/1b and 2/2a/2b, a plurality of
UEs may be multiplexed by CS+OC+PRB and CS+PRB.

Length-4 and length-3 orthogonal sequences (OCs) for
PUCCH formats 1/1a/1b are shown in the following Tables
4 and 5.

TABLE 4

Sequence index Orthogonal sequences

0 [+1 +1 +1 +1]
1 [+1 -1 +1 -1]
2 [+1 -1 -1 +1]

5

10

20

2

[

30

35

40

45
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TABLE 5

Sequence index Orthogonal sequences

0 111]
1 [1 e/'2n:/3 e/'4n:/3]
2 [1 e/'4n:/3 e/'2n:/3]

The orthogonal sequences (OCs) for the RS in the
PUCCH formats 1/1a/1b are shown in Table 6.

TABLE 6
Sequence index Normal CP Extended CP
0 [111] [11]
1 [1 273 3] [ -1]
2 [1 /43 &273) N/A

FIG. 17 illustrates ACK/NACK channelization for the
PUCCH formats la and 1b when Ashiﬁp UCCH_,

FIG. 18 illustrates channelization of a structure in which
PUCCH formats 1/1a/1b and PUCCH formats 2/2a/2b are
mixed within the same PRB.

CS (Cyclic Shift) hopping and OC (Orthogonal Cover)
remapping may be applied as follows.

(1) Symbol-based cell-specific CS hopping for inter-cell
interference randomization

(2) Slot level CS/OC remapping
1) For inter-cell interference randomization

2) Slot-based access for mapping between ACK/NACK
channels and resources (k)

A resource nr for the PUCCH formats 1/1a/1b includes
the following combination.

(1) CS (=DFT OC in a symbol level) (ncs)

(2) OC (OC 1n a slot level) (noc)

(3) Frequency RB (nrb)

When indexes representing the CS, the OC and the RB are

n., n,., and n,,, a representative index n, includes n_, n,,.
and n,,. That is, n,=(n_, n__, n,)

A CQI, a PMI, an RI, and a combination of a CQI and an
ACK/NACK may be transmitted through the PUCCH for-
mats 2/2a/2b. Here, Reed Muller (RM) channel coding may
be applied.

For example, in the LTE system, channel coding for a UL
CQI is described as follows. A bit stream a,, a;, a,,
as, ...,a,  is channel-coded using a (20, A) RM code. Table
7 shows a base sequence for the (20, A) code. a, and a, |
represent a Most Significant Bit (MSB) and a Least Signifi-
cant Bit (LSB), respectively. In the extended CP case, the
maximum number of information bits is 11, except when the
CQI and the ACK/NACK are simultaneously transmitted.
After the bit stream is coded into 20 bits using the RM code,
QPSK modulation may be applied to the coded bits. Before
QPSK modulation, the coded bits may be scrambled.

TABLE 7
I Mo M; M, M; M, Ms Mg M7; Mg My Mo Mj;, M;p,
0 1 1 0 0 0 0 0 0 0 0 1 1 0
1 1 1 1 0 0 0 0 0 0 1 1 1 0
2 1 0 0 1 0 0 1 0 1 1 1 1 1
3 1 0 1 1 0 0 0 0 1 0 1 1 1
4 1 1 1 1 0 0 0 1 0 0 1 1 1
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TABLE 7-continued

16

I My M, M M Mgy Ms Mg M; Mg My Mo My, M
5 1 1 0 0 1 0 1 1 1 0 1 1 1
6 1 0 1 0 1 0 1 0 1 1 1 1 1
7 1 0 0 1 1 0 0 1 1 0 1 1 1
8 1 1 0 1 1 0 0 1 0 1 1 1 1
9 1 0 1 1 1 0 1 0 0 1 1 1 1

10 1 0 1 0 0 1 1 1 0 1 1 1 1
11 1 1 1 0 0 1 1 0 1 0 1 1 1
12 1 0 0 1 0 1 0 1 1 1 1 1 1
13 1 1 0 1 0 1 0 1 0 1 1 1 1
14 1 0 0 0 1 1 0 1 0 0 1 0 1
15 1 1 0 0 1 1 1 1 0 1 1 0 1
16 1 1 1 0 1 1 1 0 0 1 0 1 1
17 1 0 0 1 1 1 0 0 1 0 0 1 1
18 1 1 0 1 1 1 1 1 0 0 0 0 0
19 1 0 0 0 0 1 1 0 0 0 0 0 0

Channel coding bits by, b, by, by, . . .
generated by Expression 2.

, by, may be

A-1 [Expression 2]
b; = Z (a, - M; ,) mod2
n=0

where, i=0, 1, 2, . . ., B-1.

Table 8 shows an uplink control information (UCI) field
for broadband report (single antenna port, transmit diversity
or open loop spatial multiplexing PDSCH) CQI feedback.

TABLE 8

Field bandwidth

Broadband CQI 4

Table 9 shows a UCI field for broadband CQI and PMI
feedback. The field reports closed loop spatial multiplexing
PDSCH transmission.

TABLE 9
Bandwidth
2 antenna ports 4 antenna ports
Field Rank =1 Rank=2 Rank=1 Rank>1
Broadband CQI 4 4 4 4
Spatial differential CQI 0 3 0 3
PMI (Precoding Matrix 2 1 4 4

Index)

Table 10 shows a UCI field for RI feedback for broadband
report.

TABLE 10
Bit widths
4 antenna ports
2 antenna Up to two Up to four
Field ports layers layers
RI (Rank 1 1 2
Indication)

FIG. 19 shows PRB allocation. As shown in FIG. 19, the
PRB may be used for PUCCH transmission in slot n,.
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The term “multi-carrier system” or “carrier aggregation
system” refers to a system for aggregating and utilizing a
plurality of carriers having a bandwidth smaller than a target
bandwidth for broadband support. When a plurality of
carriers having a bandwidth smaller than a target bandwidth
is aggregated, the bandwidth of the aggregated carriers may
be limited to a bandwidth used in the existing system for
backward compatibility with the existing system. For
example, the existing LTE system may support bandwidths
of 1.4, 3, 5, 10, 15 and 20 MHz and an LTE-Advanced
(LTE-A) system evolved from the LTE system may support
a bandwidth greater than 20 MHz using only the bandwidths
supported by the LTE system. Alternatively, regardless of
the bandwidths used in the existing system, a new bandwidth
may be defined so as to support carrier aggregation. The
term “Multi-carrier” may be used interchangeably with
“carrier aggregation” and “bandwidth aggregation”. The
term “carrier aggregation” may refer to both contiguous
carrier aggregation and non-contiguous carrier aggregation.
The term “carrier aggregation” may also refer to both
intra-band carrier aggregation and inter-band carrier aggre-
gation.

FIG. 20 illustrates a scheme of management of downlink
component carriers (DL CCs) in a base station (BS) and FIG.
21 illustrates a scheme of management of uplink component
carriers (UL CCs) in a user equipment (UE). For ease of
explanation, the higher layer is simply described as a MAC
(or a MAC entity) in the following description.

FIG. 22 illustrates a scheme of management of multiple
carriers by one MAC entity in a BS. FIG. 23 is a conceptual
diagram of management of multiple carriers by one MAC
entity in a UE.

As shown in FIGS. 22 and 23, one MAC manages and
operates one or more frequency carriers to perform trans-
mission and reception. Frequency carriers managed by one
MAC need not be contiguous to each other such that they are
more flexible in terms of resource management. In FIGS. 22
and 23, it is assumed that one PHY (or PHY entity) corre-
sponds to one component carrier (CC) for ease of explana-
tion. One PHY does not always indicate an independent
radio frequency (RF) device. Although one independent RF
device generally corresponds to one PHY, the present inven-
tion is not limited thereto and one RF device may include a
plurality of PHYSs.

FIG. 24 illustrates a scheme of management of multiple
carriers by a plurality of MAC entities in a BS. FIG. 25
illustrates a scheme of management of multiple carriers by
a plurality of MAC entities in a UE. FIG. 26 illustrates
another scheme of management of multiple carriers by a
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plurality of MAC entities in a BS. FIG. 27 illustrates another
scheme of management of multiple carriers by a plurality of
MAC entities in a UE.

Unlike the structures of FIGS. 22 and 23, a number of
carriers may be controlled by a number of MAC entities
rather than by one MAC as shown in FIGS. 24 to 27.

As shown in FIGS. 24 and 25, carriers may be controlled
by MACs on a one to one basis. As shown in FIGS. 26 and
27, some carriers may be controlled by MACs on a one to
one basis and one or more remaining carriers may be
controlled by one MAC.

The above-mentioned system includes a plurality of car-
riers (i.e., 1 to N carriers) and carriers may be used so as to
be contiguous or non-contiguous to each other. This scheme
may be equally applied to UL and DL. The TDD system is
constructed so as to manage N carriers, each including
downlink and uplink transmission, and the FDD system is
constructed such that multiple carriers are applied to each of
uplink and downlink. The FDD system may also support
asymmetrical carrier aggregation in which the numbers of
carriers aggregated in uplink and downlink and/or the band-
widths of carriers in uplink and downlink are different.

When the number of component carriers (CCs) aggre-
gated in uplink (UL) is identical to the number of CCs
aggregated in downlink (DL), all CCs may be configured so
as to be compatible with the conventional system. However,
this does not mean that CCs that are configured without
taking into consideration such compatibility are excluded
from the present invention.

FIG. 28 shows an asymmetric carrier aggregation which
includes 5 DL CCs and one UL CC. The illustrated asym-
metric carrier aggregation may be set from the viewpoint of
UCI transmission. Specific UCIs (e.g., ACK/NACK
responses) of multiple DL CCs are grouped and transmitted
within one UL CC. In addition, even when multiple UL CCs
are configured, specific UCIs (e.g., ACK/NACK responses
to DL CCs) are transmitted through a predetermined UL CC
(e.g., a primary CC, a primary cell, or a Pcell). If it is
assumed for ease of explanation that each DL CC can carry
up to two codeword blocks and the number of ACK/NACK
responses for each CC depends on the maximum number of
codewords set for each CC (since, for example, if the
maximum number of codewords set by the BS at a specific
CC is 2, the number of associated ACK/NACK responses is
set to 2 which is the maximum number of codewords per CC
even when a specific PDCCH uses only one codeword at the
CC), at least two UL ACK/NACK bits are needed for each
DL CC. In this case, in order to transmit an ACK/NACK for
data received through 5 DL CCs through one UL CC, at least
10 ACK/NACK bits are needed. In order to separately
discriminate a discontinuous transmission (DTX) state for
each DL CC, at least 12 bits (=5°=3125=11.61 bits) are
needed for ACK/NACK transmission. The conventional
PUCCH format la/lb structure cannot transmit such
extended ACK/NACK information since the conventional
PUCCH format la/1b structure can transmit up to 2 ACK/
NACK bits. Although carrier aggregation has been illus-
trated as a cause of an increase in the amount of UCI
information for ease of explanation, the amount of UCI
information may also be increased due to an increase in the
number of antennas and the presence of a backhaul subframe
in a TDD system or a relay system. Similar to the case of
ACK/NACK, the amount of control information that should
be transmitted is increased even when control information
associated with a plurality of DL CCs is transmitted through
one UL CC. For example, UCI payload may be increased
when there is a need to transmit a CQI/PMUI/RI for a plurality
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of DL CCs. Although ACK/NACK information for a code-
word has been illustrated in the present invention, it will be
apparent that a transmission block corresponding to the
codeword is present and the same method can be applied to
ACK/NACK information for the transmission block.

A UL anchor CC (also referred to as a UL primary CC
(PCC)) shown in FIG. 28 is a CC for transmitting PUCCH
resources or UCI and may be cell-specifically or UE-
specifically determined. For example, the UE may determine
a CC, which attempts to perform an initial random access, to
be a primary CC. In this case, the DTX status may be
explicitly fed back and may be fed back so as to share the
same state as that of a NACK.

LTE-A uses the concept of the cell to manage wireless
resources. The cell is defined as a combination of DL
resources and UL resources. Here, UL resources are
optional. Therefore, the cell may be composed of only DL
resources or may be composed of DL resources and UL
resources. When carrier aggregation is supported, a linkage
between a DL resource carrier frequency (or DL CC) and a
UL resource carrier frequency (or UL CC) may be indicated
by system information. A cell that operates with the primary
frequency resource (or PCC) may be referred to as a primary
cell (PCell), and a cell that operates with a secondary
frequency resource (or SCC) may be referred to as a
secondary cell (SCell). The PCell may indicate a cell that is
used when a UE performs an initial connection setup process
or a connection re-setup process. PCell may also indicate a
cell indicated in a handover procedure. In LTE-A release 10,
only one PCell may be present when carrier aggregation is
applied. The SCell may be configured after an RRC con-
nection setup is performed and may be used to provide
additional wireless resources. PCell and SCell may be
collectively referred to as a serving cell. Therefore, in the
case of a UE for which a carrier aggregation has not been set
or which does not support carrier aggregation although the
UE is in an RRC_CONNECTED state, only one serving
cell, which consists of only a PCell, is present. On the other
hand, in the case of a UE which is in an RRC_CON-
NECTED state and for which a carrier aggregation has been
set, one or more serving cells are present and one PCell and
one or more SCells are included in the serving cells. To
support carrier aggregation, after an initial security activa-
tion process is started, the network may construct one or
more SCells in addition to a PCell, which is constructed in
a connection setup procedure, for a UE which supports
carrier aggregation. Accordingly, a PCC corresponds to a
PCell, a primary (radio) resource and a primary frequency
resource and these terms may be used interchangeably.
Similarly, an SCC corresponds to an SCell, a secondary
(radio) resource, or a secondary frequency resource and
these terms may be used interchangeably.

Multiple carriers in a carrier aggregation are divided into
a PCell and an SCell(s) which are UE-specific parameters.

A specific UE may have one or more configured serving
cells and, when a plurality of configured serving cells is
present, one of the cells serves as a PCell and the remaining
cells serve as SCells.

Here, the PCell may be set to a cell having the smallest (or
lowest) cell index among a plurality of cell indices (for
example, ServCelllndex). In the case of TDD in LTE-A
Rel-10, let us assume that, when a UE has a plurality of
configured serving cells, all cells have the same UL-DL
configuration.

The UE may transmit a plurality of uplink control infor-
mation such as a HARQ ACK/NACK and Channel State
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Information (CSI) (which is a term collectively referring to
CQI, RI, and PMI) received/detected or measured from one
or more CCs.

For example, the UE collects (for example, multiplexes or
bundles) responses for the cases which require a plurality of
ACK/NACK feedbacks received from a PCell DL CC and
an SCell(s) DL. CC and transmits the collected responses
using one PUCCH at a UL CC in the PCell.

In LTE, the cases which require HARQ ACK/NACK
feedback for a DL CC may be classified into 3 main cases.

1. Transmission of a PDSCH(s) Indicated Through Detec-
tion Corresponding to a PDCCH(s) in a Subframe(s),, ;.

Here, keK and K is a set of M elements {kg, k;, ... Ky, 1}
determined by subframe n and the UL-DL configuration.
This case corresponds to a PDSCH(s) which requires gen-
eral A/N feedback. In LTE-A Rel-10, such a PDSCH may be
present in both DL PCell and SCells. In the following
description, this case is referred to as a “PDSCH with
PDCCH?” for ease of explanation.

2. Transmission of a PDCCH(s) which Indicates Down-
link SPS Release in a Subframe(s),, ;.

Here, keK and K is a set of M elements {kg, k,, ... K., }
determined by subframe n and the UL-DL configuration.
This case corresponds to provision of A/N feedback for a
PDCCHC(s) for SPS release. In LTE, one PDSCH without a
corresponding PDCCH may be present when A/N feedback
is performed once. In addition, A/N feedback for a
PDCCH(s) indicating DL SPS activation is not performed
although A/N feedback for a PDCCH(s) indicating DL SPS
release is performed. In LTE-A Rel-10, such a PDCCH may
be present only within a DL PCell. In the following descrip-
tion, this case is referred to as “DL SPS release” for ease of
explanation.

3. Transmission of a PDSCH(s) which is not Associated
with a PDCCH Detected in a Subframe(s),, ,

Here, keK and K is a set of M elements {kg, k;, ... Ky, 1}
determined by subframe n and the UL-DL configuration.
This case corresponds to provision of A/N feedback for
Semi-Persistent Scheduling (SPS) through a PDSCH(s) with
a PDCCH(s). In LTE Rel-8, one PDSCH without a corre-
sponding PDCCH may be present when A/N feedback is
performed once. In LTE-A Rel-10, such a PDSCH may be
present only within a DL PCell. In the following description,
this case is referred to as “DL SPS” for ease of explanation.

In each of the above cases, M denotes the number of
elements of the set K and the set K may be defined as shown
in the following Table 11.

TABLE 11
UL-DL
Config- Subframe n
uration 0 1 2 3 4 5 6 7 8 9
0 — — 6 — 4 — — 6 — 4
1 — — 71,6 4 — — — 1,6 4 —
2 — — 87,46 — — — — 87, — —
4,6
3 — — 7,611 6,5 54 — — — —
4 — —12,8,7,11 6,5 — — — — — —
4,7
5 — — 13,12,9, — _ = = = = —
8,7, 5,
4,11, 6
6 — —7 7 5 - — 7 7 —

In the case of FDD, M is always 1 and the set K is always

{ko}={4}.
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The present invention suggests a method for effectively
transmitting extended (or an increased amount of) UL
control information (UCI), which is described below with
reference to the accompanying drawings. Specifically, the
present invention suggests a new PUCCH format/signal
processing procedure/resource allocation method for trans-
mitting extended UL control information (UCI). For ease of
explanation, the new PUCCH format proposed by the pres-
ent invention is referred to as a Carrier Aggregation (CA)
PUCCH format or as a PUCCH format 3 taking into
consideration that up to PUCCH format 2 has been defined
in the conventional LTE Release 8/9. The technical concept
of'the PUCCH format proposed in the present invention can
be easily applied to an arbitrary physical channel (e.g., a
PUSCH) capable of transmitting UL control information
(UCI) in the same or similar manner. For example, the
embodiments of the present invention can be applied to a
periodic PUSCH structure for periodically transmitting con-
trol information or to an aperiodic PUSCH structure for
aperiodically transmitting control information.

The following drawings and embodiments are described
mainly with reference to the case in which a UCI/RS symbol
structure of the PUCCH format 1/1a/1b (normal CP) of the
conventional LTE is used as a UCI/RS symbol structure of
the subframe/slot level applied to the PUCCH format 3.
However, the subframe/slot-level UCI/RS symbol structure
in the PUCCH format 3 has been defined for illustrative
purposes for ease of explanation and the present invention is
not limited to such a specific structure. In the PUCCH
format 3 according to the present invention, the number of
UCI/RS symbols, the positions of the UCI/RS symbols, or
the like may be freely modified according to system design.
For example, the PUCCH format 3 according to the embodi-
ment of the present invention may be defined using RS
symbol structures of the PUCCH formats 2/2a/2b of the
conventional LTE.

The PUCCH format 3 according to the embodiment of the
present invention may be used to transmit an arbitrary
type/size of uplink control information (UCI). For example,
the PUCCH format 3 according to the embodiment of the
present invention may transmit a variety of information such
as HARQ ACK/NACK, CQI, PMI, RI, and SR and these
information items may have an arbitrary payload size. For
ease of explanation, the following drawings and embodi-
ments are described mainly with reference to the case in
which the PUCCH format 3 according to the present inven-
tion transmits ACK/NACK information.

FIGS. 29 to 32 illustrate a PUCCH format 3 and an
associated signal processing procedure that may be used in
the present invention. Specifically, FIGS. 29 to 32 illustrate
a DFT-based PUCCH format structure. According to the
DFT-based PUCCH structure, DFT precoding is performed
on a PUCCH and the PUCCH is then transmitted after a time
domain orthogonal cover (OC) is applied at an SC-FDMA
level. In the following description, the DFT-based PUCCH
format is referred to as a PUCCH format 3.

FIG. 29 illustrates a PUCCH format 3 structure that uses
an orthogonal code (OC) of SF=4. As shown in FIG. 29, a
channel coding block performs channel coding on transmis-
sionbits (a_1,...,a_M-1) (e.g., multiple ACK/NACK bits)
to generate encoded bits (coded bits or coding bits)(or
codeword) (b_0, b_1, ..., b_N-1). Here, M represents the
size of the transmission bits, and N represents the size of the
coding bits. The transmission bits may include UCI, for
example, multiple ACKs/NACKs for multiple data (or
PDSCHs) received through multiple DL, CCs. Here, the
transmission bits (a_0, a_1, . . ., a_M-1) are joint-coded
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regardless of the type, number, or size of UClIs that consti-
tute the transmission bits. For example, when the transmis-
sion bits include multiple ACK/NACK data for a plurality of
DL CCs, channel coding is not performed per DL CC or per
ACK/NACK bit but is instead performed for the entire bit
information, thereby generating a single codeword. Channel
coding may include, without being limited to, simple rep-
etition, simplex coding, Reed Muller (RM) coding, punc-
tured RM coding, tail-biting convolutional coding (TBCC),
low-density parity-check (LDPC) or turbo-coding. Although
not shown in the drawings, the encoded bits may be rate-
matched taking into consideration modulation order and the
amount of resources. The rate matching function may be
incorporated into the channel coding block or may be
performed through a separate functional block. For example,
the channel coding block may perform RM coding of (32,0)
for a plurality of control information to obtain a single
codeword and cyclic buffer rate-matching for the obtained
codeword may then be performed on the single codeword.

A modulator modulates the coded bits (b_0, b_1,
b_N-1) to generate modulation symbols (c_0, c_1, . . .,
c_L-1). L is the size of the modulation symbols. The
modulation method is performed by modifying the size and
phase of a transmission (Tx) signal. For example, the
modulation method includes n-PSK (Phase Shift Keying),
n-QAM (Quadrature Amplitude Modulation), where n is an
integer greater than 1. Specifically, the modulation method
may include Binary PSK (BPSK), Quadrature PSK (QPSK),
8-PSK, QAM, 16-QAM, 64-QAM, etc.

A divider distributes the modulation symbols (c_0,
c_l, ., ¢_L-1) to slots. The order/pattern/scheme for
distributing the modulation symbols to slots are not specifi-
cally limited. For example, the divider may sequentially
distribute the modulation symbols to slots in order of
increasing slot number (according to a localized scheme). In
this case, as shown in the drawings, the modulation symbols
(c_0,c_1,...,c_L/2-1) may be distributed to slot O and the
modulation symbols (c_I./2, c_L/2+1, ..., c_L-1) may be
distributed to slot 1. In addition, the modulation symbols
may be interleaved (or permuted) when they are distributed
to slots. For example, even modulation symbols may be
distributed to slot 0 and odd modulation symbols may be
distributed to slot 1. The modulation process and the divi-
sion process may be performed in reverse order.

A DFT precoder performs DFT precoding (e.g., 12-point
DFT) on the modulation symbols distributed to slots in order
to generate a single carrier waveform. Referring to the
drawings, the modulation symbols (c_0,c_1,...,c_L/2-1)
distributed to slot 0 may be DFT-precoded into DFT sym-
bols (d_0,d_1, ..., d_I/2-1), and the modulation symbols
(c_L/2,c_L/2+1, .. ., c_L-1) distributed to slot 1 may be
DFT-precoded into DFT symbols (d_L/2, d_L./2+1,
d_L-1). DFT precoding may be replaced with a different
linear operation (e.g., Walsh precoding).

A spreading block spreads the DFT-processed signal at an
SC-FDMA symbol level (in the time domain). The time
domain spreading at the SC-FDMA symbol level is per-
formed using a spread code (sequence). The spread code
includes a quasi-orthogonal code and an orthogonal code.
The quasi-orthogonal code may include, without being
limited to, a Pseudo Noise (PN) code. The orthogonal code
may include, without being limited to, a Walsh code and a
DFT code. Although this specification has been described
with reference to the orthogonal code as a representative
example of the spread code for ease of explanation, the
orthogonal code may be replaced with a quasi-orthogonal
code. The maximum value of the spread code size (or a
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spreading factor (SF)) is limited by the number of SC-
FDMA symbols used for control information transmission.
For example, when four SC-FDMA symbols are used to
transmit control information in one slot, orthogonal codes
(w0, wl, w2, w3) having a length of 4 may be used in each
slot. SF indicates the spreading degree of control informa-
tion and may be associated with UE multiplexing order or
antenna multiplexing order. The SF may vary between 1, 2,
3,4, ..., according to system requirements. The SF may be
pre-defined between the BS and the UE or may be signaled
to the UE through DCI or RRC signaling. For example,
when one of the SC-FDMA symbols for control information
is punctured to perform SRS transmission, a spread code
with a reduced SF value (for example, e.g., an SF value of
3 rather than an SF value of 4) may be applied to control
information of the corresponding slot.

The signal generated through the above-mentioned pro-
cedure may be mapped to subcarriers in the PRB and may
then be converted into a time domain signal through an IFFT
module. A CP is added to the time domain signal and the
generated SC-FDMA symbol is transmitted through an RF
unit.

Each procedure is described below in more detail on the
assumption that ACK/NACK information for 5 DL CCs is
transmitted. When each DL CC can transmit two PDSCHs,
a corresponding ACK/NACK may be 12 bits provided that
a DTX state is included. Assuming that QPSK modulation
and time spreading of SF=4 are applied, the coding block
size (after rate matching) may be 48 bits. The coded bits are
modulated into 24 QPSK symbols and 12 QPSK symbols
are distributed to each slot. In each slot, 12 QPSK symbols
are converted into 12 DFT symbols through a 12-point DFT
operation. 12 DFT symbols of each slot are spread and
mapped to four SC-FDMA symbols using the spread code of
SF=4 in the time domain. Since 12 bits are transmitted
through 2 bitsx12 subcarriersx8 SC-FDMA symbols, the
coding rate is 0.0625 (=12/192). In the case of SF=4, up to
four UEs may be multiplexed to one PRB.

FIG. 30 illustrates a PUCCH format 3 structure that uses
the orthogonal code (OC) of SF=5.

The basic signal processing procedure of FIG. 30 is
identical to that of FIG. 29. However, the number/position of
UCI SC-FDMA symbols and the number/position of RS
SC-FDMA symbols shown in FIG. 30 are different from
those of FIG. 29. In this case, the spreading block may be
provided upstream of the DFT precoder.

The structure of FIG. 30 may employ the RS structure of
the LTE system. For example, cyclic shift (CS) may be
applied to a basic sequence. The multiplexing capacity of the
data part is 5 due to an SF value of 5 (SF=5). However, the
multiplexing capacity of the RS part is determined according
to a cyclic shift (CS) interval (A,,,,”“““?). For ft PUCCH
example, the multiplexing capacity is given as
12/A,,;7Y“". In this case, the multiplexing capacity is 12,
6, and 4 when A, tP UCCH_], A, fP UCCH_  and
A T3, respectlvely In FIG. 30 while the multlplex-
ing capacity of the data part is 5 due to the SF value of 5,
the multiplexing capacity of the RS part is 4 When
A gii”YCH=3 and therefore the entire multiplexing capacity
may be limited to 4 which is the smaller of two capacity
values 5 and 4.

FIG. 31 illustrates the PUCCH format 3 structure which
can increase the multiplexing capacity at a slot level.

The entire multiplexing capacity may be increased by
applying SC-FDMA symbol level spreading illustrated in
FIGS. 29 and 30 to the RS. As shown in FIG. 31, the
multiplexing capacity is doubled if a Walsh cover (or DFT
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code cover) is applied within the slot. Therefore, even when
A Y3, the multiplexing capacity is 8 such that the
multiplexing capacity of the data section is not reduced. In
FIG. 31, [yl y2]=1 1] or [yl y2]=[1 -1] or a linearly-
transformed format thereof (for example, [j jl, [j—jl, [1 j], or
[1-j]) may also be used as an orthogonal cover (OC) code

for the RS.

FIG. 32 illustrates a PUCCH format 3 structure which can
increase the multiplexing capacity at a subframe level.

If frequency hopping is not applied at the slot level, the
multiplexing capacity may again be doubled by applying a
Walsh cover on a slot basis. Here, as previously stated
above, [x1 x2]=[1 1] or [1 —=1] may be used as the orthogonal
cover code and a modified format thereof may also be used
as described above.

For reference, the order of the PUCCH format 3 process-
ing processes is not limited to those shown in FIGS. 29 to
32.

FIG. 33 illustrates an ACK/NACK information transmis-
sion structure based on channel selection to which the
present invention is applied. As shown in FIG. 33, two
PUCCH resources (PUCCH resources #0 and #1) or two
PUCCH channels (PUCCH channels #0 and #1) may be
established for the PUCCH format 1b for 2-bit ACK/NACK
information.

When 3-bit ACK/NACK information is transmitted, 2 bits
of the 3-bit ACK/NACK information may be expressed
through the PUCCH format 1b and the one remaining bit
may be expressed through a PUCCH resource which is
selected from the two PUCCH resources. For example, 1 bit
(two cases) can be expressed by selecting one of the case of
transmission of ACK/NACK information using the PUCCH
resource #0 and the case of transmission of ACK/NACK
information using the PUCCH resource #1 and therefore a
total of 3 ACK/NACK information bits can be expressed.

Table 12 illustrates exemplary transmission of 3-bit ACK/
NACK information using channel selection. Here, it is
assumed that two PUCCH resources are established.

TABLE 12

Chl Ch2

ACK/NACK RS RS Data

N, N, N
N, N, A
N, A, N
N, A, A
AN, N
AN, A
A AN
A A A

OO O O =
e e B o R R )
-0 o O O

-1

In Table 12, ‘A’ represents ACK information, and ‘N’
represents NACK information or NACK/DTX information.
‘1, -1, j, =j* represents four QPSK-modulated complex
modulation symbols obtained when 2-bit transmission infor-
mation ‘b(0),b(1)” transmitted in a PUCCH format is QPSK-
modulated. ‘b(0),b(1)* correspond to binary transmission
bits transmitted using the selected PUCCH resources. For
example, according to Table 13, the binary transmission bits
b(0),b(1) may be mapped to a complex modulation symbol
and may then be transmitted through a PUCCH resource.
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TABLE 13

Binary transmission bits
b(0), b(1)

Complex

Modulation modulation symbol

QPSK 0,0 1
5 1 -
0 I
1 -1

FIG. 34 illustrates an ACK/NACK information transmis-
sion structure using enhanced channel selection to which the
present invention is applied. Although PUCCH #0 and
PUCCH #0 are shown in different time/frequency domains
in FIG. 34 for ease of explanation, the structure may also be
configured such that different codes are used in the same
time/frequency domain. As shown in FIG. 34, two PUCCH
resources (PUCCH resource #0 and #1) may be established
for PUCCH format 1a for 1-bit ACK/NACK transmission.

When 3-bit ACK/NACK information is transmitted, one
bit of the 3-bit ACK/NACK information may be represented
through the PUCCH format la, another bit may be repre-
sented through a PUCCH resource, through which ACK/
NACK transmission is performed from among the PUCCH
resources (PUCCH resource #0 and #1), and the last bit may
be represented differently depending on which resource is
associated with a transmitted reference signal (RS). Here,
although it is preferable that the RS be transmitted in the
time/frequency regions of the first selected PUCCH
resources (PUCCH resource #0 and #1), the RS may also be
transmitted in the time/frequency regions of the original
PUCCH resource.

That is, 2 bits (four cases) can be expressed by selecting
one of the case in which ACK/NACK information is trans-
mitted through the PUCCH resource #0 and an RS associ-
ated with resources corresponding to the PUCCH resource
#0 is transmitted, the case in which ACK/NACK informa-
tion is transmitted through the PUCCH resource #1 and an
RS associated with resources corresponding to the PUCCH
resource #1 is transmitted, the case in which ACK/NACK
information is transmitted through the PUCCH resource #0
and an RS associated with resources corresponding to the
PUCCH resource #1 is transmitted, and the case in which
ACK/NACK information is transmitted through the PUCCH
resource #1 and an RS associated with resources corre-
sponding to the PUCCH resource #0 is transmitted and
therefore a total of 3 ACK/NACK information bits can be
expressed.

Table 14 illustrates exemplary transmission of 3-bit ACK/
NACK information using the enhanced channel selection.
Here, it is assumed that two PUCCH resources are estab-
lished.

TABLE 14

Chl Ch2

:
.
;

RS Data RS Data

PrrrZZZZ
PP ZZyr 2z
B2 22,

|
[=NeNoNoNS Sl

OO R = OO
—_—0 O == OO0
el e e M e e R )

Compared to the example of Table 13 which uses channel
selection, the example of Table 14 which uses enhanced



US 9,432,982 B2

25

channel selection is characterized in that a symbol mapped
to a PUCCH resource can be implemented through BPSK
modulation. However, unlike the example of Table 14, a
complex symbol may also be implemented through PPSK
modulation using PUCCH format 1b. In this case, the
number of bits which can be transmitted through the same
PUCCH resource may be increased.

Although FIGS. 33 and 34 illustrate an example in which
2 PUCCH resources are established to transmit 3-bit ACK/
NACK information, the number of transmission bits of
ACK/NACK information and the number of PUCCH
resources may be set in various ways and it will be apparent

10
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Table 17 illustrates that four PUCCH resources are estab-
lished and 20 ACK/NACK states are transmitted using
channel selection.

TABLE 17

HARQ-ACK(0), HARQ-ACK(1),

HARQ-ACK(2), HARQ-ACK(3) nv

PUCCH b(0), b(1)

n®

ACK, ACK, ACK, ACK PUCCH,L

fot th o b Tiod wh Ik I ACK, ACK. ACK, NACK/DTX 0 ppccmy 1,0
that the same principle can be applied when uplink contro
. X R X X NACK/DTX, NACK/DTX, NACK, DTX n® 1,1
information other than ACK/NACK information is trans- <1>P vecH?
mitted or when ACK/NACK information and other uplink 15 ACK> ACK, NACK/DTX, ACK W pucer, 1,0
control information are simultaneously transmitted. NACK, DTX, DTX, DTX nPrpccro 1,0
Table 15 illustrates an example in which two PUCCH ACK, ACK, NACK/DTX, NACK/DTX 1 Oppecy 1,0
resources are established and .6 ACK/NACK states are ACK, NACK/DTX, ACK, ACK 2Dppccrns 0.1
transmitted using channel selection. W
20 NACK/DTX, NACK/DTX, NACK/DTX, 1pyccns 1,1
TABLE 15 NACK
ACK, NACK/DTX, ACK, NACK/DTX 1Pppccms 0,1
. y %

HARQ-ACK(0), HARQ-ACK(1) I puccH b(©), b(1) ACK, NACK/DTX, NACK/DTX, ACK 1Pppccmo 0,1
ACK, ACK 1Popeca 1,1 ACK, NACK/DTX, NACK/DTX, NACK/DTX n©pzr00m70 1,1

ACK, NACK/DTX 1Opyccao 0,1 25 o
NACK/DTX, ACK h 0.0 NACK/DTX, ACK, ACK, ACK nYopecra 0,1
NACK/DTX, NACK  pycc, 1,0 NACK/DTX, NACK, DTX, DTX 1®ppec 0,0

NACK, DTX 1Ypccrro 1,0 o
DTX, DTX N/A NA NACK/DTX, ACK, ACK, NACK/DTX 1Opyccan 1,0
NACK/DTX, ACK, NACK/DTX, ACK 1®ppec s 1,0

. . . 30 (&)

Table 16 illustrates an example in which three PUCCH NACK/DTX, ACK, NACK/DTX, NACK/DTX 0™ pvccr 0,1
resources are established and 11 ACK/NACK states are NACK/DTX, NACK/DTX, ACK, ACK 1Ppyecas 0,1
transmitted using channel selection. NACK/DTX, NACK/DTX, ACK, NACK/DTX 1%ppccrn 0,0

NACK/DTX, NACK/DTX, NACK/DTX, ACK 185 ccms 0,0
TABLE 16 35 DTX, DTX, DTX, DTX N/A N/A
HARQ-ACK(0), HARQ-ACK(1),
HARQ-ACK(2) H(I)PUCCH b(0), b(1)
ACK, ACK, ACK R 11 . When commgmcatlon is peljformed ina CA environment,
ACK, ACK, NACK/DTX SO - 1,1 intra-band CA is first taken into consideration. Here, the
ACK, NACgDTX, ACKIQ n peceo 1,1 40 term “band” in “intra-band” and “inter-band” refers to an
ACK, NACK/DTX, NACK/DTX 1Ypyccao 0,1 .
NACK/DTX, ACK, ACK 1Yopecs 1,0 operating band.
NACK/DTX, ACK, NACK/DTX 1Dngrcars 0,0 The term “operating band” refers to a frequency range in
NACK/DTX, NACK/DTX, ACK . jprccH2 0,0 which E-UTRA operates in a paired or unpaired manner and
DTX, DTX, NACK 0 puccH2 0,1 . . . . . .
DTX, NACK, NACK/DTX 1V p ey 1,0 45 which is defined with a specific set of technical require-
NACK, NACK/DTX, NACK/DTX 1Y%y 1,0 ments.
DTX, DTX, DTX N/A N/A . .
The operating band used in LTE may be expressed as
shown in the following Table 18.
TABLE 18
Uplink (UL) operating band Downlink (DL) operating band
E-UTRA BS receive BS transmit
Operating UE transmit UE receive
Band For_towFor_nign Fpr_tow Fpr_mgn Duplex Mode
1 1920 MHz-1980 MHz 2110 MHz-2170 MHz FDD
2 1850 MHz-1910 MHz 1930 MHz-1990 MHz FDD
3 1710 MHz-1785 MHz 1805 MHz-1880 MHz FDD
4 1710 MHz-1755 MHz 2110 MHz-2155 MHz FDD
5 824 MHz-849 MHz 869 MHz-894 MHz FDD
6! 830 MHz-840 MHz 875 MHz-885 MHz FDD
7 2500 MHz-2570 MHz 2620 MHz-2690 MHz FDD
8 880 MHz-915 MHz 925 MHz-960 MHz FDD
9 1749.9 MHz-1784.9 MHz 1844.9 MHz-1879.9 MHz ~ FDD
10 1710 MHz-1770 MHz 2110 MHz-2170 MHz FDD
11 1427.9 MHz-1447.9 MHz 1475.9 MHz-1495.9 MHz ~ FDD
12 698 MHz-716 MHz 728 MHz-746 MHz FDD
13 777 MHz-787 MHz 746 MHz-756 MHz FDD
14 788 MHz-798 MHz 758 MHz-768 MHz FDD
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Uplink (UL) operating band Downlink (DL) operating band

E-UTRA BS receive BS transmit
Operating UE transmit UE receive
Band FUL,low'FULJ.igh FDL,IOW'FDLJ.igh Duplex Mode

15 Reserved Reserved FDD
16 Reserved Reserved FDD
17 704 MHz-716 MHz 734 MHz-746 MHz FDD
18 815 MHz-830 MHz 860 MHz-875 MHz FDD
19 830 MHz-845 MHz 875 MHz-890 MHz FDD
20 832 MHz-862 MHz 791 MHz-821 MHz
21 1447.9 MHz-1462.9 MHz 1495.9 MHz-1510.9 MHz  FDD
33 1900 MHz-1920 MHz 1900 MHz-1920 MHz TDD
34 2010 MHz-2025 MHz 2010 MHz-2025 MHz TDD
35 1850 MHz-1910 MHz 1850 MHz-1910 MHz TDD
36 1930 MHz-1990 MHz 1930 MHz-1990 MHz TDD
37 1910 MHz-1930 MHz 1910 MHz-1930 MHz TDD
38 2570 MHz-2620 MHz 2570 MHz-2620 MHz TDD
39 1880 MHz-1920 MHz 1880 MHz-1920 MHz TDD
40 2300 MHz-2400 MHz 2300 MHz-2400 MHz TDD
41 2496 MHz-2690 MHz 2496 MHz-2690 MHz TDD

Note
'Band 6 is not applicable.

Intra-band CA indicates that a plurality of DL and/or UL
component carriers is located adjacent to each other in the
frequency domain.

That is, intra-band CA may indicate that carrier frequen-
cies of DL and/or UL components are located in the same
(operating) band.

Accordingly, through intra-band CA, a number of com-
ponent carriers may be designed on the assumption that the
component carriers have similar propagation characteristics.

Here, the term “propagation characteristics™ collectively
describes various characteristics such as propagation/path
delay, propagation/path loss, and fading channel impact that
may vary depending on frequency (or center frequency).

The UE determines uplink transmission timing for a
primary cell UL CC. The UE then applies the same uplink
transmission timing of the secondary cell as the uplink
transmission timing of the primary cell on the same assump-
tion as described above (for example, on the assumption of
similar propagation/path delay between CCs).

Here, the transmission timing of a physical random access
channel (PRACH) may differ from such timing.

UL subframe boundaries of cells at the UE are aligned
through the above procedure. In this case, the UE may
perform communication using only one radio frequency
(RF) unit in a CA environment.

However, in a CA environment, one or more cells may not
be adjacent to other cells in the frequency domain due to
problems associated with frequency allocation to a mobile
communication provider such as allocation of remaining
frequencies and reuse of frequencies that have been previ-
ously used for other purposes.

For example, when there are 2 cells which implement a
CA environment, the carrier frequency of one of the 2 cells
may be 800 MHz (UL/DL) and the carrier frequency of the
other cell may be 2.5 GHz (UL/DL).

In another example, the carrier frequency of one of the 2
cells may be 800 MHz (UL/DL) and the carrier frequency of
the other cell may be 2.6 GHz (UL/DL).

In another example, the carrier frequency of one of the 2
cells may be 700 MHz (UL/DL) and the carrier frequency of
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the other cell may be 1.7(UL)/2.1(DL) GHz (TDD). Here,
the carrier frequencies may be frequencies of DL CCs or UL
CCs.

An environment, in which carrier frequencies are spaced
apart from each other in the frequency domain as described
above, may be referred to as an inter-band CA. That is,
inter-band CA may indicate that carrier frequencies of DL
and/or UL component carriers are located in different bands.

The assumption that propagation characteristics of cells
are similar is no longer maintained in such an inter-band CA
environment.

Therefore, in the inter-band CA environment, it is not
possible to assume that (UL) subframe boundaries of cells
are aligned.

Accordingly, there is a need to apply different uplink
transmission timings to cells. In this case, the UE may use
a plurality of RF units in order to perform communication in
the CA environment.

On the other hand, the detection time of a PDSCH or
PDCCH indicating DI, SPS release corresponding to a
transmission time (nth subframe) of a PUCCH may be
defined as shown in the following Table 19 from TS 36.213
v10.1.0.

TABLE 19

(FDD) PDSCH or PDCCH indicating DL SPS release in
subframe” ~ 4 — PUCCH in subframe”
(TDD) PDSCH or PDCCH indicating DL SPS release in
subframe” ~ * — PUCCH in subframe”

“DATI” in UL-DL configurations 1-6 may indicate the
accumulative number of PDCCH(s) allocated to a PDCCH
and PDSCH transmission(s) indicating downlink SPS
release for DCI format 1/1A/1B/1D/2/2A/2B/2C.

A downlink associated with a set index K {k,, k;, . . .
K,..} applied to TDD may be expressed as shown in the
following Table 20.
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TABLE 20 TABLE 22
UL-DL
Config- Subframe n TDD UL/DL subframe number n
uration 0 1 2 3 4 5 6 7 8 9 3
Configuration 0 1 2 3 4 5 6 7 8 9
0o — —6 — 4 — — 6 — 4
1 — — 7,6 4 — — — 1,6 4 —
2 — — 87,46 - - — — 87, — — 1 6 4 6 4
4,6 2 4 4
3 — — 17,611 6,5 5,4 — — — — — 10
4 — —12,8,7,11 6,5, — — — — — — 3 4 4
4,7 4 4
5 — —13,12,9, B —
8,7,5, 5 4
4,11, 6 6 7 71 5 77
6 — — 7 s — — 7 7T — s
In this case, PDSCH or PDCCH (n-k) for DCI format In this case, PDCCH (n-k) for DCI format 0/4 may be

1/1A/1B/1D/2/2A/2B/2C may be expressed as shown in expressed as shown in FIG. 36.
FIG. 35.

On the other hand, the detection time of DCI format 0/4
(0 or 4) corresponding to a transmission time (nth subframe) ]
of a PUCCH may be defined as shown in the following Table ~ PPCCH or PHICH may be defined as shown in the follow-
21 from TS 36.213 v10.1.0. ing Table 23 from TS 36.213 v10.1.0.

20 On the other hand, the transmission time of a PUSCH

corresponding to the detection time (nth subframe) of a

TABLE 23

(FDD & normal HARQ operation) PDCCH with DCI format 0/4 and/or a PHICH
transmission in subframe n — PUSCH in subframe n + 4
(FDD & subframe bundling operation) PDCCH with DCI format 0 in subframe n
and/or a PHICH transmission in subframe n — 5 — first PUSCH in subframe
n+4
(TDD & normal HARQ operation & UL/DL configuration 1-6) PDCCH with DCI
format and/or a PHICH transmission in subframe n — PUSCH in subframe
n+k
(TDD & normal HARQ operation & UL/DL configuration 0) PDCCH with DCI
format and/or a PHICH transmission in subframe n —
If the MSB of the UL index in the PDCCH with uplink DCI format is set to 1
or PHICH is received in subframe n = 0 or 5 in the resource corresponding to
Ipzzerr = 0, = PUSCH in subframe n + k
If the LSB of the UL index in the DCI format 0/4 is set to 1 in subframe n or
a PHICH is received in subframe n = 0 or 5 in the resource corresponding to
Ipzzcer = 1 or PHICH is received in subframe n = 1 or 6, — PUSCH in subframe
n+7
If both the MSB and LSB of the UL index in the PDCCH with uplink DCI
format are set in subframe n, — PUSCH in subframe n + k and n + 7
(TDD & subframe bundling operation & UL/DL configuration 1-6) PDCCH with
DCI format 0 in subframe n and/or a PHICH transmission in subframe n - | —
first PUSCH in subframe n + k
(TDD & subframe bundling operation & UL/DL configuration 0) PDCCH with
DCI format 0 in subframe n and/or a PHICH transmission in subframe n - | —
If the MSB of the UL index in the DCI format O is set to 1 or if Ipz;ey =0 —
first PUSCH in subframe n + k
If, for TDD UL/DL configuration 0 and subframe bundling operation, the LSB
of the UL index in the PDCCH with DCI format O is set to 1 in subframe n or
if Ipzzegr = 1 = PUSCH in subframe n + 7

TABLE 21 Here, k for TDD configuration 0-6 may be expressed as
shown in the following Table 24.
(TDD) DCI format 0/4 in subframe” ~ ¥ — PUSCH 55 TABLE 24
in subframe” TDD UL/DL subframe number n

Configuration 0 1 2 3 4 5 6 7 8 9

Here, DAL, V,, ,,* (UL-DL configurations 1-6), indicates % ? * 2 4 * 2 4
the number of subframes of a PDCCH and PDSCH trans- 2 4 4
missions indicating downlink SPS release in all subframes i N i i
n-k for DCI format 0/4. 5 4

65 6 77 707 5

An uplink associated with index K for TDD may be
expressed as shown in the following Table 22.
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In addition, k for TDD configurations 0, 1, and 6 may be
expressed as shown in the following Table 25.
TABLE 25

TDD UL/DL subframe number n

Configuration 0 1 2 3 4 5 6 7 8 9

0 9 6 9 6
1 2 3 2 3
6 5 5 6 6 8

APHICH or DCI format 0/4 in a general HARQ operation
may be expressed as shown in FIG. 37.

DCI format 0/4 having subframes that have been bundled
in a PHICH to which bundling (n-1) is applied in the
example of FIG. 37 may be expressed as shown in FIG. 38.

In addition, a PHICH or DCI format 0/4 having subframes
that have been bundled in a PHICH to which bundling (n-1)
is applied in the example of FIG. 37 may be expressed as
shown in FIG. 39.

On the other hand, the reception time of a PHICH
corresponding to the transmission time (nth subframe) of a
PUSCH may be defined as shown in the following Table 26
from TS 36.213 v10.1.0.

TABLE 26
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A PHICH and a PUSCH(n) allocated to (n+k) may be
expressed as shown in FIG. 40.

On the other hand, the reception time (nth subframe) of a
PHICH and the transmission time of a PUSCH correspond-
ing to the response may be defined as shown in the following
Table 28 from TS 36.213 v10.1.0.

TABLE 28

(FDD) PUSCH in subframe i — 4 — PHICH in subframe i
(TDD & UL/DL configuration 1-6) PUSCH in subframe i - k — PHICH
in subframe i
(TDD & UL/DL configuration 0) PUSCH in subframe i — k — PHICH in
subframe i
PUSCH in subframe i — k — If PHICH in the resource corresponding
to Ipgzeg = O in subframe i
PUSCH in subframe i - 6 — If PHICH in the resource

corresponding to Ipz;cz = 1 in subframe i

In addition, k for TDD configuration 0-6 may be
expressed as shown in the following Table 29.

25
(FDD) PUSCH in subframe n — PHICH in
subframe n + 4 TABLE 29
(TDD) PUSCH in subframe n — PHICH in
subframe n + k, oD
PHICH UL/DL
30 Configuration subframe number i
Here.:, Kprrcr for RDD may be expressed as shown in the 0
following Table 27. 1
TABLE 27 §
TDD UL/DL subframe index n 35 ‘51
Configuration 0 1 2 3 4 5 6 7 8 9 6
0 4 7 6 4 7 6
L 4 6 46 A relation between PUSCH (i-k) and PHICH (i) may be
2 6 6 40 expressed as shown in FIG. 41
3 6 6 6 P it
‘51 2 6 LTE-A release 10 imposes a restriction that cells should
6 4 6 6 4 7 use the same UL-DL configuration in TDD. Here, the
UL-DL configuration may have a format as shown in the
following Table 30.
TABLE 30
Downlink-
Uplink- Ratio to-Uplink
downlink (D + S:U) Switch-point Subframe number
configuration  (D:U) periodicity 0 1 2 3 4 5 6 7 &8 9
0 4:6 5 ms D § U U U D S U U U
(1:3)
1 6:4 5 ms D § U U D D S U U D
(2:2)
2 8:2 5 ms D 8§ U D D D S U D D
(3:1)
3 7:3 10 ms D § U U U D D D D D
(6:3)
4 8:2 10 ms D § U U D D D D D D
(7:2)
5 9:1 10 ms D § U D D D D D D D
(8:1)
6 5:5 5 ms D § U U U D S U U D

(3:5)
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Such a communication environment is designed on the
assumption that neighbor base stations (BSs) use the same
UL-DL configurations.

However, even when neighbor BSs are time-synchronized
in a time-synchronized network, a DL signal of a specific BS
may collide with a UL signal transmitted from a specific UE
to an adjacent BS if the neighbor BSs use different UL-DL
configurations.

That is, when a UE receives a DL signal from BS a at a
cell edge while another UE transmits a UL signal to BS b at
an adjacent location, interference may occur between the DL,
signal and the UL signal since the BSs use different UL-DL
configurations.

Use of the same UL-DL configurations in adjacent BSs
reduces the flexibility of BS resource management.

That is, if BSs are allowed to use different UL-DL
configurations based on the volume of traffic or the like, it
is possible to achieve more flexible and dynamic resource
management.

Accordingly, a primary object of the present invention is
to allow a plurality of BSs to use different UL-DL configu-
rations to enable more efficient communication.

For example, if the amount of UL resources needed for
UEs belonging to a specific BS is increased while BSs use
the same UL-DL configurations, the specific BS converts the
UL-DL configurations into UL-DL configurations having a
larger number of UL subframes to provide a communication
service using greater UL resources.

In another example, if the number of UEs belonging to a
specific BS, which need to perform communication, is
reduced in a time zone such as dawn having very low
communication traffic while BSs use the same UL-DL
configurations, the specific BS converts UL-DL configura-
tions into UL-DL configurations having a larger number of
UL subframes to reduce unnecessary DL transmission (e.g.,
synchronization signal transmission, reference signal trans-
mission, broadcast channel transmission, etc.), thereby
achieving the effects of BS power saving.

In addition, using the same UL-DL configurations in cells
in the CA environment may also reduce the flexibility of BS
resource management.

That is, if BSs are allowed to use different UL-DL
configurations based on the amount of traffic or the like, it
is possible to achieve more flexible and dynamic resource
management.

For example, if the amount of UL resources needed for
UEs belonging to a specific BS is increased while cells use
the same UL-DL configurations, the specific BS converts
UL-DL configurations of one or more specific cells into
UL-DL configurations having a larger number of UL sub-
frames to allow a communication service to be provided
using greater UL resources.

In another example, when the number of UEs belonging
to a specific BS, which need to perform communication, is
significantly reduced in a time zone such as dawn having
very low communication traffic while the cells use the same
UL-DL configurations, the specific BS converts UL-DL
configurations of one or more specific cells into UL-DL
configurations having a larger number of UL subframes to
reduce unnecessary DL transmissions (e.g., synchronization
signal transmission, reference signal transmission, broadcast
channel transmission, etc.), thereby achieving the effects of
cell power saving.

Specifically, in an inter-band CA environment, cells may
require different uplink transmission timings and a UE may
use a plurality of RF units to perform communication in the
inter-band CA environment. In such an inter-band CA
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environment, different UL-DL configurations may be
applied to the RF units without causing interference between
cells.

Therefore, the present invention provides a method for
supporting use of different UL-DL configurations in BSs
and/or cells (or CCs or bands) in a CA environment.

In addition, the present invention suggests a method for
flexibly adjusting use of different UL-DL configurations in
BSs and/or cells (or CCs or bands) in a CA environment.

More specifically, the present invention suggests a switch-
ing interval (or timing) of a UL-DL configuration.

Although a method for flexibly adjusting use of different
UL-DL configurations in cells (or CCs or bands) in a carrier
and/or in BSs according to the present invention is described
on the assumption of TDD for ease of explanation, the
method may be applied when TDD and FDD are used
together. For example, even when FDD is used in a specific
cell and TDD is used in another specific cell in a CA
environment, the method may be applied to flexibly adjust
use of UL-DL configurations in TDD.

The following embodiments are provided by combining
components and features of the present invention in specific
forms. The components or features of the present invention
should be considered optional unless explicitly stated oth-
erwise. The components or features may be implemented
without being combined with other components or features.
The embodiments of the present invention may also be
provided by combining some of the components and/or
features. The order of the operations described above in the
embodiments of the present invention may be changed.
Some components or features of one embodiment may be
included in another embodiment or may be replaced with
corresponding components or features of another embodi-
ment.

In the following description made in conjunction with the
drawings, procedures or steps that may obscure the subject
matter of the present invention are not described and pro-
cedures or steps that will be apparent to those skilled in the
art are also not described

The embodiments of the present invention can be sup-
ported by standard documents of at least one of the IEEE
802xx system (such as 802.16), the 3rd Generation Partner-
ship Project (3GPP) system, the 3GPP LTE-A system, and
the 3GPP2 system which are wireless access systems. Spe-
cifically, the embodiments of the present invention can be
supported by standard documents such as 3GPP TS 36.211,
3GPP TS 36.212, 3GPP T8 36.213, 3GPP TS 36.321, and
3GPP TS 36.331.

That is, obvious steps or portions that are not described in
the embodiments of the present invention can be explained
with reference to the standard documents. For all terms used
in this disclosure, reference can be made to the standard
documents.

There is a need to define a reference unit in order to
support dynamic change of UL-DL configurations.

If dynamic change is supported on a subframe basis, all
UEs in a cell need to change UL-DL configurations starting
from a specific subframe.

Here, there may be a problem associated with the timing
of downlink and uplink HARQ ACK/NACK or the like (for
example, an ACK/NACK response for a PDCCH in an nth
subframe is performed through a PUCCH of an n+kth
subframe).

Accordingly, when a specific UE receives an instruction
to change UL-DL configurations from a physical layer, a
Medium Access Control (MAC) layer, or a Radio Resource
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Control (RRC) layer, the UE needs to perform a procedure
for changing UL-DL configurations.

First Embodiment

A HARQ process should not be affected by change of
UL-DL configurations.

For example, in the case of FDD, an ACK/NACK
response for transmission of a PUSCH from a UE in an nth
subframe is transmitted by a BS in an n+4th subframe. Such
a HARQ process operation should not be affected by such
change in the UL-DL configurations.

To accomplish this, it is preferable that change of UL-DL
configurations be supported based on the period of the
HARQ process or a multiple of the period of the HARQ
process. A period of UL ACK/NACK feedback is described
below in detail.

In FDD, up to 8 UL HARQ processes are supported per
cell. The maximum number of UL HARQ processes per cell
in TDD may be expressed as shown in the following Table
31 according to UL-DL configurations.

TABLE 31

Number of HARQ Number of HARQ

TDD UL/DL processes for normal  processes for subframe
configuration HARQ operation bundling operation

0 7 3

1 4 2

2 2 N/A

3 3 N/A

4 2 N/A

5 1 N/A

6 6

3

In FDD, if a UL grant (through a PDCCH) is received in
an nth subframe, a PUSCH is transmitted in an n+4th
subframe and an ACK/NACK response for transmission of
the PUSCH in the n+4th subframe is received in an (n+4)+
4th subframe through a PHICH. That is, a HARQ process is
performed over 8 subframes (8 ms).

Accordingly, the present invention suggests a setting
method for supporting change of UL-DL configurations
based on the period (8 ms) of the HARQ process or a
multiple of the period of the HARQ process so as not to
affect the HARQ process when change from FDD to TDD
is supported.

FIGS. 42 to 48 illustrate HARQ taking into consideration
the maximum number of processes in TDD with the timing
relationship between PDCCHs, PUSCHs, and PHICHs in
LTE-A.

‘G’ in FIGS. 42 to 48 represents a subframe in which a UL
grant is transmitted from a BS (through a PDCCH) and ‘U’
represents a subframe in which a PUSCH allocated by the
UL grant is transmitted from the UE. ‘p’ represents a
subframe in which an ACK/NACK response for the PUSCH
is transmitted from the BS through a PHICH. ‘R’ represents
a subframe in which a PUSCH is retransmitted in response
to the PHICH assuming that the PHICH is a NACK. Itis also
shown in the drawings that retransmissions continue to be
performed assuming that the PHICH is a NACK. Here, ‘U’
and ‘R’ indicate transmission of a PUSCH from a specific
UE and only one PUSCH transmission should be present in
the same subframe. That is, in order to maintain single
carrier properties of SC-FDMA, a UE is not allowed to
transmit a plurality of PUSCHs in one cell at a specific time.
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A time period, in which PDCCHs (Gs) and PHICHs (Ps)
occupy the same subframe positions in all HARQ processes
of FIGS. 42 to 48, may be defined as a HARQ process.

For example, in UL-DL configuration 1 shown in FIG. 43,
4 Gs in the 1st frame and 4 Ps in the 2nd frame are repeated
at the same time positions in HARQ processes. Accordingly,
in this case, a HARQ process may be determined to be
(about) 20 ms.

In addition, a time period, in which PUSCHs (Us and Rs)
occupy the same subframe positions in all HARQ processes
of FIGS. 42 to 48, may be defined as a HARQ process.

For example, in the UL-DL configuration 1 shown in FIG.
43, 4 adjacent Us in the 1st and 2nd frames and 4 adjacent
Rs in the 2nd and 3rd frames are repeated at the same time
positions in HARQ processes. Accordingly, in this case, a
HARQ process may be determined to be (about) 20 ms.

The HARQ process derived from the examples of FIGS.
42 to 48 in this manner is 70 ms in the TDD UL-DL
configuration 0, 20 ms in the TDD UL-DL configurations 1
to 5, and 60 ms in the TDD UL-DL configuration 6.

Accordingly, it is preferable that UL-DL configuration
change be supported based on the period of the HARQ
process or a multiple of the period according to each UL-DL
configuration so as not to affect the HARQ process.

Second Embodiment

Change of UL-DL configurations should not affect paging
channel (PCH) transmission and reception. Paging messages
are transmitted using DL-SCH(Downlink Shared Channel),
with a corresponding PDCCH masked by a Paging-Radio
Network Temporary Identifier (P-RNTI). In the case of FDD
deployment and idle mode operation, the position(s) within
a radio frame for paging occasions are either {9}, or {4, 9},
or {0, 4, 5, 9}.

Accordingly, the present invention suggests a method for
supporting UL-DL configuration change based on a period
of 10 ms (or a frame period) (at least in FDD) or a multiple
of the period so as not to affect PCH.

Third Embodiment

UL-DL configuration change should not affect Almost
Blank Subframe (ABSs) operations of BSs. That is, ABS
operations are performed based on an ‘ABS pattern info’
parameter that is transmitted between BSs. Setting and
operation of ABS between BSs and cells should not be
affected by UL-DL configuration change.

When UL-DL configurations of BSs or cells are different,
a DL of a specific cell and a UL of the specific cell may be
constructed together causing interference. There may be a
need to efficiently perform ABS operations in order to
prevent such interference.

Accordingly, it is desirable that UL-DL configurations be
allowed to be changed in order to efficiently support ABS
operations.

The present invention suggests a method for setting
UL-DL configuration change based on the periodicity (or
period) of an ABS pattern or a multiple of the period.

That is, it is preferable that the period be set to 40 ms in
FDD, 70 ms in the TDD UL-DL configuration 0, 20 ms in
the TDD UL-DL configurations 1 to 5, and 60 ms in the
TDD UL-DL configuration 6. It is also preferable that
UL-DL configuration change be aligned with ABS pattern
change.

Fourth Embodiment

UL-DL configuration change should not affect measure-
ment. That is, when sets of subframes C;, and Cg;, are
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configured with a higher layer in a UE, resource-restricted
CSI measurements are configured in the UE. The resource-
restricted CSI measurements are associated with a ‘meas-
SubframePattern’ parameter for time domain measurement
resource restriction.

In addition, the ‘measSubframePattern’ parameter is asso-
ciated with an ‘ABS pattern info’ parameter that is trans-
mitted between BSs. That is, the purpose of the resource-
restricted CSI measurements is to allow the UE to
discriminate (or identify) CSI values of an ABS subframe
and a non-ABS subframe and to measure/report the same.

The present invention suggests that UL-DL configuration
change be supported based on the periodicity (or period) of
the ABS pattern or a multiple of the period in order to change
UL-DL configurations without affecting resource-restricted
CSI measurements.

That is, it is preferable that the period be set to 40 ms in
FDD, 70 ms in the TDD UL-DL configuration 0, 20 ms in
the TDD UL-DL configurations 1 to 5, and 60 ms in the
TDD UL-DL configuration 6. It is also preferable that
UL-DL configuration change be aligned with change of
resource-restricted CSI measurements.

Fifth Embodiment

Specific system parameters and configurations may be
reset based on a time point at which System Frame Number
(SFN, n,in T8 36.211)=0.

For example, the ABS pattern described above is (reset
and) repeated based on the time point of SFN=0.

The present invention suggests that UL-DL configuration
change be set based on the time point of SFN=0 to simplify
system configuration even though it may rather reduce the
dynamic of UL-DL configuration change.

The minimum period of UL-DL configuration change
may be set based on one or more period setting methods (or
setting references or criteria) described above.

For example, when the (minimum) period of UL-DL
configuration change is set taking into consideration the
period setting methods of the first and second embodiments
in FDD, the period is set to 8 ms or a multiple thereof
according to the first embodiment and is set to 10 ms or a
multiple thereof according to the second embodiment and
therefore the period of UL-DL configuration change may be
set to 40 ms which is a least common multiple of 8 ms and
10 ms (in the case in which change from FDD to TDD is
supported).

Sixth Embodiment

In TDD, the (minimum) period of UL-DL configuration
change may be set to a single value and may also vary
depending on the UL-DL configuration.

That is, a different (minimum) change period may be set
based on a UL-DL configuration currently established for
each cell.

For example, the (minimum) period of UL-DL configu-
ration change may be set to 70 ms in the TDD UL-DL
configuration 0, 20 ms in the TDD UL-DL configurations 1
to 5, and 60 ms in the TDD UL-DL configuration 6. In
another example, the (minimum) period of UL-DL configu-
ration change may be set to 70 ms in the TDD UL-DL
configuration 0 and 60 ms in the TDD UL-DL configurations
1 to 6.

Seventh Embodiment

In TDD, the (minimum) period of UL-DL configuration
change may be set to a single value and may also vary
depending on the UL-DL configuration.
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That is, a single (minimum) change period may be set for
each cell.

For example, the (minimum) period of UL-DL configu-
ration change may be set to 420 ms (which is a least common
multiple of 70 ms, 20 ms, and 60 ms), regardless of a
currently set UL-DL configuration

In another example, the (minimum) period of UL-DL
configuration change may be set to an SFN period, regard-
less of the UL-DL configuration.

Eighth Embodiment

In the present invention, UL-DL configurations may be
changed by RRC, MAC, or PHY signaling. Although it is
preferable that UL-DL configuration change be signaled
through a broadcast channel or message (e.g., primary
broadcast channel (P-BCH), secondary broadcast channel
(S-BCH), master information block (MIB), system informa-
tion block (SIB)), UL-DL configuration change may also be
signaled through a control channel (e.g., a PDCCH).

On the other hand, the (minimum) period of UL-DL
configuration change needs to be applied based on a preset
reference value. For example, the period may be set starting
from the time point of SFN=0.

Application of the (minimum) period of UL-DL configu-
ration change is associated with a time point at which
UL-DL configuration change is actually applied when UL-
DL configuration change has been instructed through such
signaling. For example, when an instruction to change
UL-DL configurations is received at a first subframe in a
frame of SNF=0 in the UE in the case in which the
(minimum) period is 60 ms, the UE does not change the
UL-DL configuration immediately upon receiving the
instruction but instead applies the changed UL-DL configu-
ration to perform communication, starting from a frame that
first comes in the UL-DL configuration after an interval of
60 ms from the beginning of the frame of SFN=0.

The above embodiments are provided by combining com-
ponents and features of the present invention in specific
forms. The components or features of the present invention
should be considered optional unless explicitly stated oth-
erwise. The components or features may be implemented
without being combined with other components or features.
The embodiments of the present invention may also be
provided by combining some of the components and/or
features. The order of the operations described above in the
embodiments of the present invention may be changed.
Some components or features of one embodiment may be
included in another embodiment or may be replaced with
corresponding components or features of another embodi-
ment. It will be apparent that claims which are not explicitly
dependent on each other can be combined to provide an
embodiment or new claims can be added through amend-
ment after this application is filed.

The embodiments of the present invention have been
described focusing mainly on the signal communication
relationship between a terminal and a Base Station (BS). The
communication relationship may be extended (or may be
equally or similarly applied) to signal communication
between a terminal and a relay or between a relay and a BS.
Specific operations which have been described as being
performed by the BS may also be performed by an upper
node as needed. That is, it will be apparent to those skilled
in the art that the BS or any other network node may perform
various operations for communication with terminals in a
network including a number of network nodes including
BSs. The term “base station (BS)” may be replaced with
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another term such as “fixed station”, “Node B”, “eNode B
(eNB)”, or “access point”. The term “terminal” may also be
replaced with another term such as “user equipment (UE)”,
“mobile station (MS)”, or “mobile subscriber station
(MSS)”.

The embodiments of the present invention can be imple-
mented by hardware, firmware, software, or any combina-
tion thereof. In the case in which the present invention is
implemented by hardware, an embodiment of the present
invention may be implemented by one or more application
specific integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, microcontrollers,
microprocessors, or the like.

In the case in which the present invention is implemented
by firmware or software, the embodiments of the present
invention may be implemented in the form of modules,
processes, functions, or the like which perform the features
or operations described above. Software code can be stored
in a memory unit so as to be executed by a processor. The
memory unit may be located inside or outside the processor
and can communicate data with the processor through a
variety of known means.

The detailed description of the preferred embodiments of
the present invention has been given to enable those skilled
in the art to implement and practice the invention. Although
the invention has been described with reference to the
preferred embodiments, those skilled in the art will appre-
ciate that various modifications and variations can be made
in the present invention without departing from the spirit or
scope of the invention described in the appended claims.
Accordingly, the invention should not be limited to the
specific embodiments described herein, but should be
accorded the broadest scope consistent with the principles
and novel features disclosed herein.

INDUSTRIAL APPLICABILITY

Although the methods and apparatuses for transmitting
control information in a wireless communication system
have been described with reference to examples in which the
methods and apparatuses are applied to a 3GPP LTE system,
the methods and apparatuses may also be applied to various
wireless communication systems other than the 3GPP LTE
system.

The invention claimed is:
1. A method for transmitting control information from a
terminal to a base station in a wireless communication
system, the method comprising:
receiving at least one of a Physical Downlink Control
Channel (PDCCH) and a Physical Downlink Shared
Channel (PDSCH) from the base station through at
least one serving cell configured for the terminal; and

transmitting acknowledgement/negative acknowledge-
ment (ACK/NACK) feedback associated with recep-
tion of the PDCCH or reception of a PDSCH related to
the PDCCH to the base station,

wherein if the PDCCH indicates to set an uplink-down-

link (UL-DL) configuration for the at least one serving
cell to another UL-DL configuration, the terminal is
configured to set the UL-DL configuration to the
another UL-DL configuration at a timing pre-config-
ured, and

wherein the indication of the PDCCH is transmitted at an

interval pre-configured.
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2. The method according to claim 1, wherein the interval
is determined based on a Hybrid Automatic Repeat reQuest
(HARQ) process period and a multiple of the HARQ process
period.

3. The method according to claim 2, wherein the timing
is repeated according to the HARQ process period or a
multiple of the HARQ process period from a start or reset
time of a System Frame Number (SFN).

4. The method according to claim 2, wherein the HARQ
process period is 8 or more subframes.

5. The method according to claim 2, wherein the HARQ
process period is determined differently according to the
UL-DL configuration configured for the base station.

6. The method according to claim 5, wherein the HARQ
process period is 70 ms when the base station has a Oth
UL-DL configuration, 20 ms when the base station has 1st
to 5th UL-DL configurations, and 60 ms when the base
station has a 6th UL-DL configuration.

7. The method according to claim 1, wherein the interval
is equal to a pattern period of an Almost Blank Subframe
(ABS) or a multiple of the pattern period.

8. The method according to claim 7, wherein the timing
is repeated according to the pattern period of the ABS or a
multiple of the pattern period from a start or reset time of a
System Frame Number (SFN).

9. The method according to claim 7, wherein the pattern
period of the ABS is 70 ms when the base station has a Oth
UL-DL configuration, 20 ms when the base station has 1st
to 5th UL-DL configurations, and 60 ms when the base
station has a 6th UL-DL configuration.

10. A terminal for transmitting control information to a
base station in a wireless communication system, the termi-
nal comprising:

a reception module for receiving at least one of a Physical
Downlink Control Channel (PDCCH) and a Physical
Downlink Shared Channel (PDSCH) from the base
station through at least one serving cell configured for
the terminal;

a transmission module for transmitting acknowledge-
ment/negative acknowledgement (ACK/NACK) feed-
back associated with reception of the PDCCH or recep-
tion of a PDSCH related to the PDCCH to the base
station; and

a processor for setting an uplink-downlink (UL-DL) con-
figuration for the at least one serving cell to another
UL-DL configuration at a timing pre-configured if the
PDCCH indicates to set the UL-DL configuration to the
another UL-DL configuration, and

wherein the indication of the PDCCH is transmitted at an
interval pre-configured.

11. The terminal according to claim 10, wherein the
interval is determined based on a Hybrid Automatic Repeat
reQuest (HARQ) process period and a multiple of the
HARQ process period.

12. The terminal according to claim 11, wherein the
timing is repeated according to the HARQ process period or
a multiple of the HARQ process period from a start or reset
time of a System Frame Number (SFN).

13. The terminal according to claim 11, wherein the
processor performs a control operation for determining the
HARQ process period differently according to the UL-DL
configuration configured for the base station.

14. The terminal according to claim 13, wherein the
HARQ process period is 70 ms when the base station has a
Oth UL-DL configuration, 20 ms when the base station has
1st to 5th UL-DL configurations, and 60 ms when the base
station has a 6th UL-DL configuration.
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15. The terminal according to claim 10, wherein the
interval is equal to a pattern period of an Almost Blank
Subframe (ABS) or a multiple of the pattern period.

16. The terminal according to claim 15, wherein the
timing is repeated according to the pattern period of the ABS
or a multiple of the pattern period from a start or reset time
of a System Frame Number (SFN).

17. The terminal according to claim 15, wherein the
pattern period of the ABS is 70 ms when the base station has
a Oth UL-DL configuration, 20 ms when the base station has
1st to 5th UL-DL configurations, and 60 ms when the base
station has a 6th UL-DL configuration.
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